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1 
INTRODUCTION 
Two primary means of  meet ing amino acid requirement s o f  lay ing 
,hens, and nonruminant s in general , are the use o f  diets h igh enough in 
�rotein to .supply the needed amount s of all amino acids along with some 
--excesses or by feeding low p rotein diets supp lemented with minimum 
.1evels o f  essent ial amino acids needed for maximum performance . Prop er 
�supp lementation of  thes e  low prot ein diets requires knowledge of  the 
1aying hen's requirement for amino acids and the interre lationship s 
cnn�ng amino ac ids , along with information about the inf luence o f  
.xactors such a s  strain and management on the�e requirements . 
One purpose o f  the studies herein was to observe the inf luences 
of  selected amino acid supplementations to a low p rotein layer diet on 
.two st rains of. laying hens . A second p�rpose was to e s t ab l ish an 
-optimum level of dietary lys ine in low protein layer d iets . Thi rd ly, 
some influence s  of supp lementation of this diet with isoleucine and 
tryptophan on the hen's lys ine requirement were examined . 
As more data be come availab le about amino acid supplementation o f  
low p rotein diet s , this information may b e  used in least-cost rat ion 
formulation p rograms . This will permit op t imum ut ilization o f  natural 
feedstuffs and synthetic amino acids to more c losely match the dietary 
amino acid content with minimum requirement s .  
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REVIEW OF LITERATURE 
Introduction 
Johnson and Fi sher ( 1 956) found the amino acids arginine , his t id ine , 
isoleucine; leucine , lys ine , methionine , phenylalanine , threonine , 
·tryp tophan ,  and valine to  be essent ial for laying · hens .  The amino 
acids alanine , cystine , glycine , hydroxyproline , p raline , serine , 
tyros ine , asparagine , and c itrulline were clas sif ied a s  none ssential . 
Although nones sent ial , glyc ine was .needed for maximum product ion .  
These worker s  furthe r  clas sified glufamic acid as d i sp ensable . Johnson 
and Fi sher were also the earliest  to develop 
.
a free amino acid diet 
to support egg p roduct ion (Fi sher and Johnson , 1 9 5 6 ) . This allowed 
researchers to begin estab lishing requirements for individual amino 
.acids . 
Protein Level and Othe r Factors Influencing Amino Acid Requirement s  
Prior t o  the work of  Johnson and Fisher , some fundamental re la­
tionship s between crude p rotein level and the requirement f o r  spe c i f ic 
amino acids had been observed . The requirement for lys ine , in growing 
· chicks , was shown to increase as the p rotein level inc reased (Grau , 
1948) . Later work showed that the requirements for arginine and 
lysine , in laying hens , depend on the total essent ial amino acid content 
of the die t (Anderson and Dobson, 1 9 59 ) . Environmental fac tors have 
been shown to inf luence the sulfur amino acid requirement . Reid and 
Weber (19 73) demonst rated an inc reased requirement f o r  sulfur amino 
acids when t emp e ratures were high . 
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Early attemp t s  to establish a protein requirement for lay ing hens 
were hampered by the influence of ·the amino acid patte rn of the grain 
used in the exp er iment . The imp ortance of protein quality or  amino acid 
balance has been.demonst rate d  by varying the re lat ive amount s of various 
grains in expe riment al rat ions . Comparisons of wheat-based and corn-
l>ased rations show this effect . Johnson and Fisher ( 1 959 ) found 1 0 . 4 % 
prot ein wheat-based rat ions to support production equa l · t o  that of hens 
fed a 1 5 . 7% ration, but corn-based ratioµs with a higher . t o t a l  p rotein 
content ( 1 1 . 3%)  were inferior . Bra·y ( 1 960 ) s tudied the effe�ts of 
amino acid b alance by varying the relative amounts of corn and s oybean 
meal in a 1 0 %  pro t e in diet . This study indicated that maximum p roduct ion 
was attained when 55 . 5 % of the protein was ob tained from soybean meal . 
Limit ing Amino Acids and Es tablished Requirements 
Under p ract ical s ituat ions, certain amino acids are more likely to 
be  subop t imal than others . Studies to elucidate the most l imiting amino 
acids in corn-soy die t s  show lys ine , t ryptophan , and methionine , respec­
tive ly, to be most l imiting in the pre sence of adequate isole ucine and 
valine (Bray, 1 9 64 ) . This work also showed that isoleucine could also 
b ecome limiting in some cases . The limiting order of the se amino acids 
is dependent on many factors . Sulfur amino acids, particular ly cys t eine,  
have been shown firs t limiting in both purified and p ractical die t s  
(Baker and Bray, 19 7 2 ) . 
Given that all other essential amino acids are p re sent in adequate 
amounts, the req uirement s  for a specific amino acid can be found. The 
earliest work in this area was in the estab l ishment of the re quirements 
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for meth ionine and cy s t ine . Leong and McGinnis ( 1 9 5 2 ) found lay ing hens 
to require 0 . 28% me th ionine and 0 . 25% cys tine . However ,  Johnson and 
Fisher ( 1 9 5 6 )  did not classify cys tine as essent ial . The chicken has 
the ab ility to derive cyst ine from methionine but not vice  versa . In 
most p ract ical s ituat ions therefore , the r�quirement s for these amino 
acids can be given as total sulfur amino ac ids . Further cons iderat ions 
of these point s  will be presented in later sect ions of this review . 
The requirement s  for lys ine are set. at 0 . 6 6 g . /day (N . R . C . , 1 9 7 7 ) . 
Recent work has shown this may be too lit tle in that Halloran and 
Almqui st ( 1 9 7 8 )  found the requircillent to be between 0 . 6 6 and 0 . 7 2  g . /day . 
Lysine intakes beyond 0 . 72 and 0 . 9 3  g . /day were no t bene f i c ial . 
Amino Acid Supplementat ion Studies 
The varying re sul t s  reported from attempts to increase laying hen 
produc tivity via amino acid supp lementat ion ref lec t the crit i cal need 
for amino acid balance . Bray ( 1 964 ) observed no bene f it from supplement s  
o f  various comb inat ions of methionine , tryptophan , o r  lysine to a 60 : 40 
blend of  corn and soybean protein . Along with a critic al balance · 
of  amino acids , consumpt ion of the diet can become a de termining f actor 
in attaining the observed results (Bray and Garlich , 1 9 60 ) . The pro tein 
leve ls and pro t e in qualities of the diets to which the amino ac ids are 
supplemented may influence the ir overall effect . By varying the rati o  o f  
corn p rote in to soy pro tein in a ration , Bray ( 1 968 ) found the response 
to me thionine supplementation increased as soy protein rep laced that of 
corn . Mixtures of  tryptophan, lys ine , isoleuc ine , and valine gave 
decreas ing results as soy replaced corn . 
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Methionine Supplement ation of Laying Hen Diets 
Supplementat ion studies involving only methionine have shown varied 
result s .  When supp lement ed in a 1 0 %  protein diet , Waibel and Johnson 
( 1 9 6 1 )  found methionine to imp rove p roduction . No response to only 
methionine supplementation was reported using 1 1 %  protein diets 
.(S tangeland and Carlson, 1961 ) or 8% protein wheat-based d ie t s  (Biely and 
March , 1 9 64 ) . Bray (1 978 ) reported that the addition of methionine to an 
80 : 20 corn : soy blend imp roved production-. Carlson and Guenthner (1969 ) 
observed that no response t o  methionine supplementation was evident 
until  the protein content of the diet was below 1 4 % . These  workers also 
noted an increase in utilizat ion of protein due to methionine supp le­
mentation. Layers without methionine added to thei r  d iet requi red 17 
g . /day of p rotein ,  whi le those with supplement al methionine needed only 
15 g. /day of protein . These researchers felt that the requirement for 
lysine was under 671 mg . /day and observed the requirement for me thionine 
to be in excess of  300 mg . /day . Others have found layers t o  re spond to  
methionine supplementation when the protein content of the die t was 1 6 %  
but found additional methionine detrimental in a 1 2% p ro t e in diet (Muller 
and Balloun, 1974) . Addit ional met hionine in both high and low energy ,  
12% protein diets was observed t o  improve product ion of laying hens 
( Scott� al . ,  1 975) .  'l'hese workers also believed that the lys ine 
requirement was higher than current recommendat ions . The amino acid 
makeup of the protein in these experimental rations probably great ly 
influenced the experimenters' ob served results . If  meth ionine was no t 
one of the limiting amino acids in the ration or if anothe r  amino acid 
or amino acids were marginal , then the response t o  supplemental 
methionine would be  reduced . 
The presence of some o ther sources of sulfur have been shown t o  
affect response o f  layers t o  methionine supp lementation ,  also . Reid 
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and Weber ( 1 9 7 4 )  found that the p resence of annnonium s ulfat e  reduced the 
effectivene s s  of supplement al methionine , while the p resence of sodium 
sulfate had no effect  on the. methionine requirement .  Baker (19 7 6 )  
.demonst rated that inorganic sulfur compoµnds are benefi cial as supp le­
ment s to  poult ry diet s  under rather rare circums t ances . The sulfur 
am:i.no acids mus t  be s ubop timal , with cystine more limi ting than 
methionine . Under the se condit ions , sulfur compounds can p resumably 
reduce the need for sulfur amino acids by donating sulfur to comp ound s 
normally requiring an amino acid to  donate i t s  sulfur molecule . This  
ef fect has b een manifes ted in  increased ·growth of b ro iler chicks . Only 
165  p . p . m .  so4 was necessary to bring about maximal re spons e s . �ract i cal 
poultry diet s  contain well beyond this level . Under p ract i cal s ituat ions , 
sulfate supp lementat ion would not be beneficial . This doe s , however ,  
demonst rate the ab ility of avian species to utilize sulfur from non­
protein sources . 
Lysine Supplementat ion of Laying Hen Diets 
Respo nse to supp lemenat ion of laying hen d ie t s  with lys ine is 
influenced by the amino acid balance as well as protein level of the 
diet . In low p rot e in diet s , lys ine may not be the f irst  limit ing amino 
acid .  I f  other amino acids are subop timal , then the ir influence may 
overshadow any effe ct of lys ine supplementat ion . Biely and March ( 1 9 64 )  
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reported no improvement in egg p roduct ion when an 8% p rotein wheat-based 
laying ration was supplemented with lys ine . In s tudie s with die t s  
designed to b e  adequate i n  other amino acids, Boomgaard t  and Bake r (1 970 ) 
ob served the lys ine requirement o f  young Leghorn chi cks t o  remain 
cons t ant, expressed as a p ercent of the protein, over the range o f  
1 4 . 5 %  t o  20 . 0% crude p rotein .  
Methionine and Lys ine Supplementat ion of Laying Hen Die ts 
Many workers have rep orted improved p roduct ion when both methionine 
and lys ine are supplemente d  to laying rations (Stangeland and Carls on, 
1 9 6 1 ;  Waibel and Johnson, 1 9 61 ;  Waldroup and Harms, 1961 ; Mar in e t  al., 
1 9 7 1; Blair e.t al . ,  1 976) . Generally, the responses were greater at 
higher protein levels (12- 1 4%) , indicating that othe r amino acids may 
become limit ing at low (8- 1 1 %) protein levels . Biely and March (1 9 64 )  
rep orted no imp rovement in production from supplement ati ons o f  methio­
nine and lys ine t o  an 8% protein wheat-based ration, whereas Blair 
et al . (1976) f ound hens fed a 1 2 . 1 % protein diet supplement ed with 
methionine and lys ine to p roduce at the same level as the controls fed 
a 15 . 8% protein die t . 
Multiple Amino Acid . Supplement ations of Laying Hen Diets 
Beyond supp lementat ion of methionine and lys ine, mos t  work has 
involved the addit ional amino acids tryptophan, isoleucine, and valine .  
Work with only two or three amino acids has again demons t rated the 
crit ical balance neces sary for proper performance . Addi t ions o f  
tryptophan and valine have been observed t o  b e  o f  n o  benef it in d ie t s  
already supplemented with lys ine (Waibel and J ohnson, 1 9 61 ) . Us ing a 
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iso leucine . In this study , he observed no response in p roduc t i on from 
supplementat ion of methionine , lysine , t ryp t ophan , and i s o leuc ine t o  the 
12% p rotein die t . The se amino acids and additional valine gave responses 
no bet t er than the control 12% protein diet . An interact ion was noted 
in supplementat ions o f  the 10%  protein diet . Addi t ion o f  i s oleucine 
or val ine singly had no effect , while supp lementat i on of a c ombinat ion 
of the two amino acids resulted in imp roved p roduc ti on .  
In some inst ance s ,  maint enance of body weight and p roduct i on o f  eggs 
of adequate s ize have become important . Increasing t he level o f  s upp le-
111entat ion of a 6 . 24% p rotein basal diet 25 % beyond the required or 
recommended level has been shown to allow for the maint enance of body 
weight and p roduct ion of normal eggs (Waibel et al . ,  19 6 1 ) .  This ove r­
supp lementation improved p roduct ion but not t o  the extent o f  that o f  
hens on a "standard laying rat ion . "  Omission o f  val ine o r  t ryptophan 
from a 1 3 . 4% p rotein rat ion supp lemented with methionine , lys ine , and 
isoleucine resulted in rap id weight loss (Fitzs immons et al. ,  1 9 6 3 ) . 
Dep let ion or use o f  body s tores of amino acids could cause thi s  
reduct ion i n  weight . 
Other evidence o f  body stores being dep leted has als o  been observed . 
When a 9 %  p rotein diet was supp lemented with methionine , lys ine , 
tryp tophan, isoleucine , and valine , production was increased f or a t ime 
but then fell off  (Bray and Garlich, 1960 ) . These workers felt that 
consumption of the diet was not satisfactory , which could also be a 
factor in maintenance of body weight . Several workers have shown t hat 
supp lementat ion above the recommended levels for amino a c id s  a id s  in 
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60:40 blend of  corn and s oy protein , Bray (1 964) s tudied the s upp lemen­
tation o f  various comb inat ions o f  methionine , tryp tophan , lysine , 
isoleucine , and valine . This  s tudy revealed that supp lementat ion with 
all five amino acids produced signi f icant
. 
increases in egg p roduc t ion . 
He further not ed that with any combination of four amino acids used 
in the study the add i ti on of  the fifth would improve performanc e . 
Britzman (1964) found methionine supp lementat ion of a 16% p ro t e in die t 
to b e  of  no bene f i t; but , when this diet-was d iluted t o  1 0 %  prot e in with 
ce llulose , supp lemental methionine i�roved product ion . It was not ed 
that on high pro t e in and low energy diets  the hens consumed an adequate 
amount of f eed t o  mee t  the ir methionine ·requirement s ;  but , when the diet  
was diluted t o  1 0 %  p rote in ,  the  hens did  not  consume enough f eed t o  mee t  
thei r  needs f o r  methionine . Another method used by Brit zman t o  reduce 
the protein cont ent of the diet was to replace s oy with corn . Thi s  
change resulted i n  changes i n  the amino acid makeup o f  the die t s uch 
that lys ine and t ryp t ophan also were limit ing and required s upp lementa t ion . 
In s tudying many dif ferent comb inations of supp lemental amino acids , 
Choudhury (1 972) obs erved isoleucine to be mos t  limit ing a f t er adequat e 
amounts of methionine , lys ine , and tryptophan were supp lied . Als o , the 
addi tion of  both valine and threonine were observed to bring about the 
same response as i s o leucine alone . Kashani (19 75), using mult ip le 
supp lement s ,  found supplemental methionine and lys ine t o  reduce p roduc­
tion when added to an 1 1 . 8 % protein die t , while addi t ional trypt ophan 
was s light ly bene f ic ial . He obs erved i soleuc ine t o  have no inf luence 
in his s tudy . In a lat er study , Kashani (1978) supp lemented both a 1 0 %  
and a 1 2 %  protein diet  with methionine , lys ine , tryp tophan , valine , and 
10 
maintenance o f  body we ight and egg production . Waibel and co-workers 
found that increas ing supp lementat ions of methionine , t ryptophan , lys ine , 
isoleuc ine , and valine t o  a 9%  protein diet at a leve l 25 % b eyond the 
recommended leve l allowed hens to maintain body weight and p roduce a 
greater mass of eggs (Waibel et al . ,  1 9 61 ) .  Supplementa t i on o f  these 
--amino acids to a 1 3 .  4% p rot ein diet at 1 25 %  of the recommended -level 
has been rep orted to support . production near the c ontrol level i n  
addition to maintaining body and egg weights (Fi t z s immons e t  al . ,  1 9 63 ) . 
This oversupp lementation could , however , bring about imbalances  wI:ich 
could essentially make some nonsupp lemented amino acids l imit ing or 
subop t imal under condit ions in which they norinally would not be . 
Lysine-Arginine Int eract ions 
Many workers have observed a relationship fn growing chi cks between 
lys ine content of the diet and the arginine requirement (Boorman and 
Fisher , 1 966; Jones , 1964; Nesheim, 1968; O'Dell et al . ,  1 9 62; O'Dell 
and Savage , 1966; S mith and Lewis , 1966; Snets inger and S cott , 196 1 ;  and 
many others) . Wi th normal or marginal arginine intakes , exc e s s  lys ine 
reduces growth and addition of arginine to the die t  re s tores chick 
growth . Glycine als
.
o has been shown to partially alleviate the depressed 
growth (Snets inger and Sco t t , 1961 ) . Add�tions of  other amino acids have 
been found to be harmful or o f  lit tle benefit in correcting this growth 
reduc t ion . Arginine has b een shown to reduce growth under deficient 
lys ine conditions (O'Dell and Savage , 1 966) . P lasma levels o f  lys ine 
are increased when exces s lys ine is  present and leve ls o f  arginine are 
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reduced . Excesses o f  arginine , however , only alter the p lasma leve ls 
of arginine (Jones , 1 9 64 ) . 
A direct s imp le int erac tion app arently does not exist , as excesses 
of arginine are no t corrected by addit ions of  lys ine to the die t ( Smi th , 
1968) . Boorman and Fisher (1966) concluded that the growth dep re s s ion 
and related ob servat ions were no t a unique phenomenon . Because lys ine 
is detoxif ied slowly , they felt it p roduced greater metab olic  inf luence s 
when fed in · excess . Others felt a specif ic metabolic interact ion was 
caus ing the disorders ( Smith and. Lewis , 1966; O'Dell and S avage ,. 1 9 66; 
Snets inger and S cott , 1 961; Jones et al . ,  1 967; and others ) .  · The 
specifics of this relationship are s ti ll no t 'cle ar . Along the lines o f  
a det oxi f ication proces s ,  Snets inger and Scott (196 1 ) sugge s t ed that the 
benef its ob served from supplemental glycine are due to increased uric 
acid synthesis and that arginine was aiding nitrogen excret ion via some 
type of  latent urea cycle . Some evidence suggests  that creat ine pe r se 
may become limi t ing under int akes of excess lysine (Jones et al . ,  1967 ) . 
In addit ion, some workers felt the specific makeup of  the die tary 
protein was caus ing the imbalance (O'Dell and Savage , 1 966 ) ,  whi le 
others demonstrated the ill effects of excess lys ine in a varie ty of 
diets (Snets inger and Scot t ,  1961 ) . Some evidence has s ugge s t ed that 
the availab ility of arginine was altered by the excess lys ine (Jones , 
1964) and others found th is not to be the case (Boorman and Fishe r ,  
1966) . The potass ium cont ent of the diet has been imp li cate d  (O'Dell 
et al . 1962 )  but th is  does not seem to be a maj or inf luence (Jones -- , , 
� al . ,  1967) . 
12 
Exce ss lysine has been shown to alter the act ivit ie s  o f  kidney 
arginase and l ive r t ransamid inase (Jones et al . ,  1 967 ) , but the autho rs 
felt the se change s occurred too . slowly to  account f or the growth 
depres s ion and related d i s funct ion . Nesheim ( 1 9 68)  showe d lys ine , 
his t idine , ornithine , and phenylalanine ea.ch to increase kidney 
arginase act ivity of growing chicks . Addit ions of a-amino i sobutyric 
acid decrease kidney arginase ac t ivity as does L-threonine , �-hydroxy , 
a-amino valoric ac id , and glyc ine (Aus ti� and Nesheim , 1 970).  
Currently , there. are at least 'three recogni zed means by which lys ine 
and arg inine in terac t--comp e t i t ieu for reabsorp tion , decrease d  t rans­
amidinase ac t ivi ty , and increased arginase act ivity . All three of these 
factors plus the reduced f eed intake of the imbalanced rat ions could 
account for nearly all reduct ions in chick growth under exces s  lys ine 
intakes (Aust ic and Sco t t , 1 9 75 ) . The se worker s  demons t rated the 
relat ive e f fec t s  of each interact ion at various lys ine supplementat ion 
levels. In diets with 0 . 75% added lysine , increased arginase a c t ivity 
and reduced transamidinase ac t ivity accounted for nearly all the ob served 
growth depress ion . At levels of  supplemental lys ine above 1 .50 % , 
reduced feed intake began to exert an influence on growt h . Levels of  
supplemental lys ine above 2 . 00% caused add itional redu c t ions in  chick 
growth due to  urinary excret ion . Mechanisms for each of these 
interact ions , however , remains unclear . 
With s t rains selec ted for high and low arginine r equirements , 
Neshe im ( 1 9 68) was able to show that the difference s be tween the s trains 
exis ted in the ability of the chicks to me tabol ize lys ine . He 
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demons trated that lysine , orni thine , and arginine are all excre t ed in 
the urine when excess lys ine ·is fed . Lys ine , orni thine , and arginine 
compete for reab s orp tion in the kidney . Nesheim believed that the 
excretion of thes e  amino ac ids refle cted. the ir incomp le t e  reabsorp t i on 
and would theref ore t end t o  increase the ·requirement f or arginine . 
Arginine has been shown t o  counteract , in varying degrees; growth 
dep ression of chicks f ed excesses of lysine , tyrosine , his tidine , 
methionine , cyst ine , valine , and leucine ( Smith , 1 9 68 ) . Smith's data 
did not supp ort the content ion that arginine def iciency s ymp toms 
occurred be cause of reduced reabsorp t ion , as he observed arginine t o  
help allevia�e t oxicities of  a l l  classes of  amino acids (dibasi c , 
dicarboxylic , neu t ral , and imino).  He further had doub t s  conc�rning 
arginine ' s  role in uri c  acid synthe s is and the latent urea cycle 
hypothes is . ·smith reasoned that arginine or a met abol i t e  was being 
use d  in some o ther f ashion to dispose of the exce s s  ni t rogen . 
Branched Chain Amino Acid Interact ions 
An interrelationship exists  between the amino acids leuc ine , 
valine , and isoleucine� Growing chicks require supp lements o f  both 
isoleucine and valine to count eract the growth dep re s s ing e ff ec t s  of 
exces s  leucine (D ' Me llo and Lewis , 1 9 7 0 ) . Lay ing hens also require 
supp lement s of this typ e  (Muller and Balloun,  1 9 76) . D'Mello and Lewis 
(1 9 70) found p lasma levels  of  valine more sens itive to exce s s  leucine 
than plasma leve ls o f  i soleucine . They also s t ated that at leas t two 
separate interac t ions were respons ib le for the growth dep re s s ion they 
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observed . The e f f e c t s  of  leucine on isoleuc ine were dif ferent than 
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the effects of  leuc ine on valine . In laying hens , howeve r ,  this inter­
relat ionship seems only t o  be present in low p rotein d ie t s  (Muller and 
Balloun , 19 76) . Die t s  o f  10 t o  1 3 %  protein we re imbalanced by add itions 
of as lit t le as 0 . 75 %  L-leucine , while additions of  2 . 25 %  L-leucine t o  a 
1 6% protein diet p roduced only s light effec ts and no reduced performance 
was ob served from addit ions of L-leucine in die t s  of 1 9% p rotein . 
The exac t nature of  this interact ion is no t known • . There is no 
apparent comp e t i t ion among the se amino acids for abso rp tion or excretion 
(Smith and Aus t i c ,  1 9 7 8) nor are there any notab le chan ges in the 
activit ies of  the catabolic enzymes of  branched chain amino acids 
(Bo ldiz sar et al. , 1 9 7 3; Featherston and Horn , 1 9 7 3 ;  Smith and Aus t ic , 
1 9 78) . Smith and Aust ic (1 9 78) suggest that the primary cause o f  a 
detrimental effect  in the case of mild 'exce sses of  leucine in the chick 
is tissue seque s t ering of  the amino acids isoleucine and valine . 
Methionine-Cyst ine Relat ionships 
Because methionine can be the f irst limiting amino ac id in p rac t ical 
poultry rations , i t  is frequent ly supp lemented in some f orm . Due t o  
'--this fact , interrelati onsh ip s  between the sulfur amino acids are of  
more practical s ignificance . That methionine may be used  t o  synthe s ize 
cystine i s  estab li shed . On a wei ght basis , methionine i s  needed at a 
level 1 . 25 t imes great er than the amount of cyst ine needed to mee t the 
chicken ' s  requirement , due mainly to dif fering molecular we ight s of the 
two amino acids (Baker ,  1 9 76) . Thus , a dif fering response may be 
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observed in two proteins if  only total sulfur amino acid content is  
cons idered . Cys t ine can cons t i tute up to 50 % of  the to tal sul fur amino 
acids in chick die t s  (Baker ,  19 76) . Feathers ton and Rogler (1 9 78 )  found 
that in low me thionine d iets  add it ional cy st ine would reduc e chick 
growth . These workers speculated that thi.s e f fec t was due t o  
comp e t i t ion f o r  absorp t ion of these amino acids . 
Moderate d e f iciencies of me thionine are overcome by increased feed 
consump t ion , which i s  coupled with reduced feed conversion . S eve re 
defic ienc ies , however ,  reduce the p·roduc tive energy value s of the f eed 
by increased heat produc tion .  TI�e chicks lose weight and reduce f eed 
consumpt ion (Sekiz et al . , 1 9 75 ) . The toxic ef fect s  of  a s evere 
deficiency may be due to a buildup of homocyst ine in the p lasma and 
tissue s , s ince cys tathionine synthetase ac t ivity is reduced under these 
dietary condit ions . Serine and threonine may also be influenced 
(Sekiz e t  al . ,  1 9 75 ) . 
Influence El_ Die t on Plasma Free Amino Acids 
The p lasma free concentrat ion of many amino acids has been shown 
to be directly affec ted by their level in the diet . Plasma concentra­
tions o f  threonine , lys ine , isoleucine , leuc ine , val ine , methionine , 
tyrosine , and proline increased linearly in 5-month-old chickens fed 
casein d iets  o f  from 3% to 21% protein (Tasaki and Ohno, 1 9 71) . Of 
this group , threonine , lysine , and proline pla sma level s  wer e  observed 
to be influenced the greatest . 
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The diet ary adequacy of some amino acids may also b.e eva luat ed by 
their p lasma concentration . Chi and Speers ( 19 7 6) ob served the pla sma 
free lysine concent rat ion to rise only sl ight ly , when graded levels 
were fed , unt il the po int that maximum produc tion was a t t ained . 
Fo llowing that , addit ional lys ine resulted in large increases  in the 
p lasma f ree concentrat ion of this amino acid . 
Influence tf Amino Acid Nutrit ion on !g_g_ Parameters 
Egg weight is  readily influenced by amino acid.o r  protein cont ent 
of lay ing hen d ie t s . The amino acids .. used in synthes i s  o f  egg pro t e ins 
are directly from die tary sources (Wilcox , 19 34) . The pro t e in level 
of the die t  therefore would be expected to inf luence the total  amount 
of egg pro teins synthe sized. The effect of inadequate  prote in mani fe s t s  
itse lf in reduced e gg produc t ion and reduced egg size . Imbalanced 
die t s  which may contain more crude pro tein resul t  in the produc tion o f  
eggs smaller than those produced from balanced lower protei� rat i ons 
(March and Biely , 1963 ) . These workers no ted change s  in egg we ight s as 
early as 4 days fo llowing dietary modifications . 
Lunven e t  al ( 19 7 3 )  found no difference in pro t e in content or  amino 
acid composit ion b etween e ggs produced by hens fed 1 1% o r  20% pro t e in 
die t s . 
Experiment l 
MATERIAL S AND METHODS 
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In Exper iment 1 ,  a commercial strain of  laying hens , DeKalb 2 7 1 ,  
and Cornell Randombred Control hens were· used . The basal d ie t  f ormula­
tions are given in Table !. Diet 1 was a s tandard 1 6 %  protein laying 
-diet which s erved as the control , diet 2 was an unsupplemented 1 0% 
:-prote in corn-s oy diet . Diet 3 was the 10% prote in d ie t  wit h  supp lement s  
o f  0 . 20% L-lysine , 0 . 15% DL-tryptophan , 0 . 25% DL- isoleucine , and 0 . 30.%  
DL-methionine • .  Die t  4 was as 3 with- an addit ional 0 .  10%  DL-methion ine 
for a t otal of 0 .  40i� supplemental DL-me thionine . Diet 5 was as 4 p lus 
0 . 20% DL-val ine , d iet  6 was as 5 with 0 . 20% addit ional DL-t hreonine , and 
diet 7 was as 6 plus 0 . 20% L-arginine . 
The b irds were reared in cages and fed s t andard s t art ing and 
growing rat ions . At 22  weeks of age , the birds were randomly housed in 
8 in . by 1 2  in . laying cages with two birds P.er cage . V!ing band numbers 
were recorded and the hens were weighed at this time . From housing 
tmt il the ini t iat ion of the experimental treatments , all caged b irds 
except those receiving the 1 6% diet were fed d iet 3 .  This deplet ion 
phas e  was 14 weeks long and records were kept for the las t  1 2  weeks in 
the same manner as described for later periods . This was done in order 
to deplete body reserves of  amino acids and adapt  the hens t o  a low 
plane of p rotein nutrit ion so that any later s t imulus in produc t ion 
would not be overshadowed by the effects of sudden d ietary p rotein 
level changes .  
,.- _  
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TABLE 1 .  Die t  formulat ions of  ba sal rat ions 
ExEer iment 1 Experiment 2 
1 6% 10%  1 2 %  10% 
Ingredient ration ration ration rat io n  
% 
Yellow corn 70 . 7  85 . 4  79 . 2  84 . 2  
Soybean me al (47%) 1 9 . 8  4 . 1  9 . 0  4 . 0  
Dehydra ted alfalfa meal (17%) 2 . 0  3 . 0  2 . 0  3 . 0 
Dicalcium phosphate 1 . 5  1 . 5 2 . 0 1 . 5  
Ground l imest one 5 . 0  5 . 0  5 . 0  5 . 0  a Salt mi� 0 . 5  0 . 5  · o . 5 0 . 5  
Vitamins 0 . 5 0 . 5 0 . 5  0 . 5 
a 
Supplied per kilogram of diet: NaCl , 4 . 8  g . ; Zn , 1 8  mg . ;  Fe , 1 0  
mg; Mn, 10  mg • ; M g  , 7 . 5 mg . ; Cu , 1 .  5 mg . ; Co , 0 • 25 mg • ; and I , 0 • 3 5 . 
mg .
b 
Supp lied per kilogram o f  diet: vi tamin A,  5 280 U . S . P . ; vitamin 
D3 , 1 375 U . S . P . ;  vit amin E ,  22  I . U . ; vitamin B 1 2
, 0 . 0088 mg . ;  niac in , 
4q mg . ;  chol ine chloride , 440 mg . ;  ribof lavin , 6.6 mg . ;  D-calcium 
pantothenic ac id , 8. 8 mg . ;  vitamin K, 1 . 1 mg . ;  folic ac id , 1 . 1  mg . ;  
and bio t in ,  0 . 1 1  mg . 
There were e ight · replicates o f  two birds of  each o f  . the two s t rains 
fed seven d iet s ,  resul ting in 1 1 2  cages as experimental uni t s .  With 
this des ign , therefore , there was a total of 3 2  birds p er die t . 
Experimental diets  began when the hens wer e 36 weeks o ld on 
Sep tember 23 , 1 977 , and· cont inued for ten 28-day period s unti l  July 7 ,  
1 978 . Wa ter and feed were offered to the birds ad libitum. Daily 
records were kep t on egg product ion and mortality . Eggs were samp led 
in each period for average weight , Haugh units and shel l  thickne s s . 
Feed consump t ion was measured at the end of each p eriod . The hens were 
weighed again in the last period . 
Following each period , data were summarized and punche d ont o 
computer cards . A computer program was uti lized t o  calculate and list 
performance p arameters and daily nutrient int ake for . each cage on a 
·per hen- day bas is . Feed utili zation was reported both as ki lograms of 
feed consumed per dozen eggs produce d and.grams of egg p roduced p e r  
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gram of f e e d  consumed . Individual cage averages for percent hen-housed 
-.mortality ,  egg weigh t , Haugh units , and shell thi cknes s· were also 
computed . By means of this program , this information was p unched onto 
a s econd set of computer cards which were used as the data se t for . 
analysis of vari ance . 
In lat er periods , no eggs were produced.in some cage s . This  
resulted in  mis s ing values for  average egg  we ight , Haugh uni t s , she ll 
thickness , and feed utilizat ion expres sed as ki lograms of feed cons umed 
per doz en eggs p roduced . Feed cons umption and calculated dai ly nut rient 
intake values were not affected by this situation . Product ion as both 
. . 
percent and grams p er hen-day and feed utilizat ion expressed as grams 
of egg produced per gram of feed consumed were reported a� z ero . The 
above noted mi s s ing values made a leas t squares analys i s  of variance 
nece ssary . 
Experiment l 
The objectives of Exp eriment 2 were to observe the inf luence of 
graded leve ls of lys ine on lay ing hen performance in low p ro t ein die t s  
and to  observe the inf luence of further supplements of  e s s ent ial amino 
acids that are limi t ing in a 10% protein corn- soy die t . The diets 
used in this s tudy were 10% protein and 12% protein corn- soy laying 
rations . Formulat ions for these rations are p resented in Tab le 1. A 
third die t  cons isting of the 10% die t  supp lemented with 0 . 0 7 5 %  L­
tryp tophan and 0 . 25% DL- isoleucine was also included . Each of  these 
rations was s upp lemented to  supp ly s ix levels  of  t o t al lys ine (0 . 5 5 % ,  
0 . 60 % ,  0 . 65 % ,  0 . 70 % ,  0 . 75 % , 0 . 80%) . This . result ed in 1 8  die tary 
treatments .  Cormnercial Bab cock 300 , Leghorn- type layers were use d  in 
the study . Rearing management was s imi lar to Exp eriment 1 .  The hens 
were p laced in the laying cages at 22  weeks of age and fed the 1 0 %  
protein diet without supp lemental amino acids f rom 24  t o  40 · weeks o f  
ag� . Records for e gg p roduction and feed consump tion were kep t f or 
34 days p rior t o  application of  treatments .  
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Availab ility of  cages neces sit ated the use of  b o th 8 in . by 12 in . 
cages · and 24 in . by 1 2  in . cages . Ini tially , two b irds each were placed 
in 1 15 smai
'
l cages and s even b irds each · in 76 large cages . Thirty-·f our 
days  before the experimental treatments began ,  hens were s e le c t ed and 
poor ones eliminated such that there remained 108 cages o f  two hens 
and 72 cages of six hens . Individual cage records were kep t and during 
the next 7 days any nonp roduc ing hen was rep laced . Product ion re cords 
continued for 2 7  days until t reatment die ts were begun . The phys ical 
sep aration of the different cage types within the laying house made 
necessary the nes t ing of rep licates of  treatments in cage types , 
result ing in s ix rep licat es of the small cages and four rep li cate s  of 
. the large cages per treatment . The hens were wei ghed at the beginning 
and the end of  the exper iment . 
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Ini t ial p lans were t o  conduc t the experiment for s ix 2 8-day periods , 
but unavailab ili ty of sufficient DL- isoleucine forced t e rmination o f  the 
study 9 days early . Thus , period 6 was only 19 days · in length . The 
study began on Feb ruary 1 5 , 1 9 79 , and en�ed July 2 3 , 1 9 7 9 . Dat a were 
summarized in the same manner as des cribed for Experiment 1 .  A least 
squares analys is o f  variance procedure for nested fac torial des igns was 
used , all cages had hens that p roduced at leas t one egg in each perio d , 
and there were no miss ing data as in Experiment 1 .  
�<:.. White Hydrolys is 
Sampling - Experiment 1 .  Pooled s amp le$ of  f ive e ggs from rep li-
cat es 1 through 4 and rep licat es 5 through 8 were colle c t ed for each 
strain-die t comb ination during period 13 . 
Sampling Experiment l· Pooled sample s  of  s ix e ggs were collected 
from rep licates 1 through 3 and rep licates 4 through 6 in the small 
cages and rep li cat es 1 and 2 and rep li cates 3 and 4 in the large cage s 
during period 6 .  In order to  reduce the total number of  s amp les to be 
analyzed , only samp les from lysine levels 1 and 6 in each p ro t e in group 
were init ially hydrolyzed . If differences exis ted between these  leve ls , 
the intermediate samp les could be analyzed to allow more accurate 
characterization of  these  differences . 
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The albumen was s ep arated from the yolks and frozen a t  0 F .  p rior 
·to freeze- drying . In an ef fort to provide accurate s amp ling , thes e  
samp les we re freeze-dried in a VirTis Uni trap , 10- 100 free z e-drier prior 
to mixing . Records were kep t on amounts of wate r  removed f rom the 
2 2  
samp les t o  allow the results t o  b e  reported on a raw alb umen basis . 
After freeze-drying , the samp les were crushed to a f ine p owder ,  mixed , 
and held at 0° F .  unt il  analys is . 
Aliquots o f  0 . 5  g .  of  the dried alb umens were hydro lyzed in 
100 ml .  of 6N HCl in boiling flasks under nitrogen at 1 1 0 ° F .  for 
24  hours . Hydrolys ates were then filtered and taken t o  a f inal volume 
of 250 ml . From these hydr-0lysates , 5 ml . were t aken and e xtracted 
Ihree times with glass dist illed water in a rotary evaporator and t aken 
to dryness . 
. 0 The se samp le s  were held at 32 F .  for a short � ime unt il 
analyz ed . The dried hydrolysates were reconstituted with 0 . 2N sodium 
citrate buffer at pH 2 . 2 with internal standards of L-Norleuc ine and 
a-Amino- S-Guani dino Prop ionic Acid , Hydrochloride at 0 . 25 µM/ml . From 
the s e , 0 . 5  ml .  was analyz ed us ing a Beckman- Sp inco Model 1 2 0  amino acid 
analyz er . P eak areas were calculated for all ident ifiab l e  ninhydrin 
reactive compounds and compared to a s tandard for calculat i on of 
albumen content . 
Diet Analys is 
Samp les of diet 1 and diet 2 from Experiment 1 and the 1 0 %  diet 
at 0 . 55 %  lys ine and the 12% diet at 0 . 55 %  lys ine from Expe r iment 2 ere 
analyzed for amino acid content and Kj eldahl ni trogen for crude prote in 
values . Hydroly s i s  procedure was the same as that f or egg white 
analysis . Value s reported for amino acids in Tab le 2 are p re sented 
as p ercent of Kj eldahl nit rogen . 
TABLE 2.  Diet  analyses of basal ra tions 
fuq�eriment 1 Experiment 2 
1 6 %  1 0 %  1 2 �� 1 0 %  
Amino acid rat ion ration ration a rati on a 
% 
Lys ine 0 . 8 1 0 . 38 0 . 58 0 . 55 
Methionine 0 . 27 0 . 19 0 . 28 0 . 36 
Half cys t ine 0 . 1 3  0 . 15 0 . 1 1 0 . 1 4  
Valine 0 . 80 0 . 52 0 . 6 3 0 . 52 
Arginine 1 . 04 0 . 4 7 o .  7 7  0 . 59 
Hist id ine 0 . 4 6 0 . 26 0 . 36 0 . 28 
Phenylalanine 0 . 86 0 . 5 5 0 . 5 1 0 . 5 6 
Tryptophan ( calculated ) 0 . 1 8 0 . 1 0 0 . 12 0 . 1 0 
Isoleuc ine o .  72 ' 0 . 40 0 . 4 4 . 0 . 39 
Leuc ine 1 . 69 1 .  20 1 .  23 1 . 22 
Threonine 0 . 6 1 0 . 39 0 . 42 0 . 39 
Crude prot e in 1 5 . ': 8  1 0 . 10  11 . 5 7  . 1 0 . 57 
a 
Analyse s _  performed on samp les of  diets from 0 . 5 5 %  lys ine level . 
Plasma Free Amino Acid Analys is 
Experimen t .!_. On the f inal day of .the trial , two b irds of e ach 
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diet-strain comb inat ion were visually selected from rep l icates 1 through 
4 and replicates 5 through 8 .  From each hen , 1 0  ml . o f  blood were 
drawn via card iac puncture . These two samples were poole d  in 50-ml . 
centrifuge tubes conta�ning 0 . 5 ml . saturated sodium. c i t rate s o lution 
and held on ice unt il sampling was complete . Collect ions began at 
2 : 00 p . m .  and cont inued until  5 : 00 p . m. Immediately after collect ions 
were comp leted , the blood samples were centri fuged at  5000 r . p . m .  for 
20 minute s . The p l .::tsma wa s placed in small vials and frozen at  0° F .  
for 1 year prior to analys is . Plasma samples were prepared for free 
amino acid analys is by the me thod of Mondino et al . ( 1 9 72) . Prepared 
samples were frozen at o° F. for a short time unt il 50-µ l . aliquots  
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were analyzed us ing a Beckman 1 1 8  BL amino acid analyz er . P eak areas 
were calcula ted for compounds of  int eres t and compared to a s tandard 
for calculat ion of the plasma free level in the sample . 
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Experimen t �· Plasma analysis in Experiment 2 d i f f ered f rom 
Experiment 1 only sl ight ly in samp ling procedure . On the final day o f  
the experiment , 10-ml . blood samples were drawn from two birds via 
card iac pu �cture and pooled from replicates 1 through 3 and 
rep l icates 4 through 6 in the small cages and from r ep licat e s  1 and 2 
and replicates 3 and 4 in the large cages for each protein-lys ine l evel 
comb inat ion . These sample s  were pooled in SO�ml . cent rifuge tub e s  
containing 0 . 5  ml . satura ted lithium citrate solut ion and h e l d  o n  ice  
unti l  sampling was complete . Samp ling began at 10 : 00 a . m .  and ended at 
2 : 00 p . m .  on 3 consecut ive days . Subsequent preparat ion o f  these s amples  
was �he same as for Experiment 1 .  Analysis of  thes e  s amp le s  was 
completed wi thin 6 months following collect ion . 
Experiment _!_ 
RESULTS 
2 5  
Missing Data . The previously described condit ions that b rough t  
ab out mis sing data f o r  some ob servations also results in a d ivis ion of  
the data set  int o two group s . Di scuss ion of means o f  p arame ters with 
mis s ing informat ion (average egg weight , average she ll thickne s s , 
average Haugh unit s core , and kilograms of feed consumed per  dozen eggs 
produced ) can refer only to hens in product ion . Dis cuss ion · o f  o ther 
par�meters must  refer t o  all hens . 
!&& Product ion Parameters . Means for p ercent hen-day p ro duc t ion 
are present ed in Tab le 3 .  Due to a high degree o f  variab ility , die ts  
did  not s i gnif icantly inf luence this parameter . Tab le 4 contains means 
for hen-day feed consump t ion . This factor was not s igni fi�ant ly 
affected by dietary alt erat ions . Signi ficant differences exi s t  among 
the means for p roduc t ion of the hens expressed as grams of egg p roduced 
per hen-day . These  values are present ed in Tab le 5 .  As shown in the 
table , the differences in p roduct ion be tween the 1 6 %  p ro t ein die t 
(diet 1 )  and the 1 0 %  p rotein unsupp lemented d iet  ( diet  2 )  o r  the 1 0 %  
protein diet with the supp lement containing the lowe r leve l o f  me thio­
nine (diet 3) were s ign� ficant . Tab le 6 present s means for  average egg 
weights for he ns in p roduct ion . A strain-by-diet interact ion occurred 
which was signi f icant at the 0 . 0 1  level of probab ili ty . Hens within 
the commercial s t rain fed 10% protein diets , excep t diet  6 ,  produced 
signi f icantly lighter eggs than did those fed the 1 6 %  p rot ein diet 
I 
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TABLE 3 .  Effec ts  of  diets and strain on percent hen-day p roduc t ion 
Strain a 
Die t  1 2 
% 
1 .  Cont rol ( 1 6 %) 63� 43 5 2 . 4 4  
2 .  1 0 %  crude protein 4 6  .. 53 4 7 . 2 5  
3 .  1 0 %  + amino ac id supp lement b 40 . 1 1  5 3 . 30 
4 .  As 3 + 0 . 1 0 %  DL-methionine 50 . 69 - 46 . 94 
5 .  As 4 + 0 . 20 % DL-val ine �0 . 1 9 4 8 . 0 5 
6 .  As 5 + o .  20 % DL-threonine 53 . 59 4 9 . 8 9  
7 .  As 6 + 0 . 20 % L-arg�nine 54 . 53 4 8 . 6 4  
No signi f icant d i ff erences exist  among the . means . 
a 
In this and al l subs equent tables , st rain 1 ref er s  to the 
comwercial st�ain and s train 2 refers to the random-bred s t rain . 
. Amino acid supplement contained 0 . 20 % L-lys ine , 0 . 1 5 %  DL-
tryptophan , 0 . 2 5 %  DL- isoleucine , and 0 . 30 %  DL-methionine . 
Mean 
5 7 . 9 4  
4 6 . 89 
4 6 . 7 1  
4 8 . 8 1 
4 9 . 1 2 
5 1 . 74 
5 1 . 59 
TABLE 4 .  Effect s o f  diets and st rain on hen-day f e ed consump t ion 
Stra in 
Diet 1 2 
g .  
1 .  Control ( 1 6 %) 1 1 2 . 8 1 0 1 . 9 
2 .  1 0 %  crude p ro t e in 1 00 . 6 100 . 9  
3 .  10 % + amino ac id  supplementa 9 5 . 3  104 . 4  
- 4 .  As 3 + 0 . 1 0 %  DL-methionine 98 . 5  98 . 6  
5 .  As 4 + 0 . 20 %  DL-val ine 1 03 . 6 1 0 1 . 1  
6 .  As 5 + o .  20 % DL-threonine 1 05 . 9 106 . 3  
7 .  As 6 + 0 . 20 %  L-arginine 1 04 . 4  l!J l .  2 
No s ignif icant dif ferences exi s t  among the means . 
a Amino ac id supp lement contained 0 . 20% L-lys ine , 0 . 1 5% DL­
tryp t ophan , 0 . 2 5 %  DL-isoleuc ine , and 0 . 30% DL-methionine . 
Mean 
107 . 4  
1 0 0 . 8 
9 9 . 9  
98 . 6  
10 2 . 3  
1 0 6 . l 
1 0 2 . 8  
• 
TABLE 5 .  Effe cts o f  d ie t s  and st rain on hen-day egg mass p roduc t ion 
1 .  
2 .  
3 .  
4 .  
5 .  
6 . 
7 .  
Die t 
Cont rol ( 1 6%) 
10% crude prot ein 
1 0 %  + amino ac id supp lement c 
· As 3 + 0 . 1 0% DL-methionine 
As 4 + 0 . 20% DL-val ine 
As 5 + 0 . 20% DL-threonine 
As 6 + 0 . 20%  L-arg inine 
a , b 
D . f f  . . . h .  1 ering superscrip t s  wit in a 
Strain 
1 2 Mean 
· g . /HD 
4 1 . 36 3 1 . 4 0 · 3 6 . 3 8
a 
27 . 31 26 . 80 2 7 . 0 6
b 
24 . 80 30 . 2 1  2 7 . S l
b 
3 1 . 24 2 7 . 2 2 29 . 23 ab 
30 . 73 2 7 . 89 29 . 3 l ab 
3:> . 96 27 . 9 1  3 0 . 94  ab 
33 . 42 2 7 . 9 3 30 . 6 7 ab 
co lumn denote s igni f ic&.1t 
differences (P<0 . 05 ) . c 
Amino acid supp lement cont ained 0 . 20% L�lys ine , 0 . 1 5 %  DL­
tryp tophan , 0 . 25 %  DL- isoleuc ine , and 0 . 30 % DL-methionine . 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
TABLE 6 .  Effects  of diets  and 
Diet 
Cont rol ( 16 %) 
1 0% crude p rotein 
10% + amino acid 
d 
supp lement 
As 3 + 0 . 1 0 %  DL-methionine 
As 4 + 0 . 20% DL-valine 
As 5 + 0 . 20% DL- threonine 
As 6 + 0 . 20%  L-arg inine 
st rain 
1 
65 . 22a 
59 . 03
c 
62 . 28
b 
6 1 . 70
bc 
6 1 . 1 3
bc 
63 . SO
ab 
6 1 . 5 1 
be 
on average e gg 
Strain 
2 
g .  
59 . 7 1  
a 
56 . 7 3
b 
56 . 6 6
b 
58 . 2 2
ab 
5 7 . 7 1  
ab 
56 . 0 l
b 
5 7 . 94
a 
weight 
Mean 
6 2 . 46 
5 7 . 88 
59 . 4 7 
59 . 9 6 
59 . 42 
59 . 7 6  
59 . 7 3 
a , b , c  
Differing superscripts  within a column denote s igni f icant 
_ difaerence s (P< 0 . 0 1 ) . 
. 
Amino acid supp lement cont ained 0 . 20% L-lys ine , 0 . 15 %  DL-
tryp tophan ,  0 . 25 % DL-isoleuc ine , and 0 . 30% DL-methionine . 
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I 
(d ie t  1 ) . Addit ionally , e ggs produced by hens rece ivin g  diet 3 and 
diet 6 were s ign if icantly heavier than those produced by hens fed 
· diet 2 .  The s i tuat ion was quite dif ferent for the random-bred s t rain 
as die ts 4 ,  5 ,  and 7 were not dif ferent from the controls (diet 1 ) . 
No s ignificant dif ferences exist among the means of the 1 0 %  die t s  
28 
(diets 2-7) . Feed ut iliz at ion (Table 7 )  was not sign i f ican t ly inf luenced 
by diets . Feed e f ficiency (Table 8)  was signif icant ly affe cted by d ie t s  
f o r  hens i n  produc t ion within the commercial stra in but ·not  within the 
random-bred strain . This interact io� was signif icant at the 0 . 05 leve l 
of probability . Fee d  e f f iciency of comme rcial hens receiving diet 3 
was significantly poorer than that of the ir counte rparts  re ceiv ing 
diet 1 and diet  6 .  
Average Haugh unit scores for hens in produc t ion are p re sented 
in Table 9 .  Commercial hens fed diet 2 produced h igher qua lity eggs 
than those hens of this strain fed diet 1 .  None of the Haugh unit  
value s for  the  e ggs from hens on the other 1 0 %  die t s  were d if fe rent 
from the controls . Diet 4 and diet 6 allowed f or product ion of e ggs 
of a score not different from feeding diet 2. Within the random-b red 
strain ,  eggs produced by hens rece iving diets 2 ,  6 ,  and 7 s cored 
signif icant ly higher than those produced by the control hens (diet 1 ) . 
Haugh unit value of  eggs from hens fed diets 3 to 7 were not s igni f i­
cant ly different . Die t s  3 , 4 ,  and 5 each caused produc t ion of  eggs 
· scoring s ignificant ly lower than those produced by hens re ceiving 
diet 2. This st rain-by-d ie t interac tion was signif icant at the 0 . 05 
leve l  of probab ility . Total percent hen-housed mortality o f  the hens 
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TABLE 7 .  Effects  of diets and strain on grams of e gg produced 
per gram of feed consumed 
St rain 
Diet 1 2 
g .  e gg /g .  feed 
1 .  Cont rol· ( 1 6 %) o . 364 2 0 . 3084 
2 .  1 0 %  crude prote in 0 . 27 26 0 . 2 6 5 3  
3 .  1 0 %  + amino ac id supp lementa 0 . 25 1 6  0 . 284 7 
4 .  As 3 + 0 . 1 0 %  DL-methionine 0 . 3 1 52 0 . 2 7 6 1  
5 .  As 4 + 0 . 20 %  DL-valine 0 . 2896 0 . 2 7 2 6  
6 .  As 5 + 0 . 20 % DL-threonine 0 . 3 1 85 0 . 259 3  
7 .  As 6 + 0 . 20% L-arginine 0 . 3 1 64 0 . 2694 
No s i gni ficant differences exist among the means . 
a 
Amino acid supplement contained 0 . 20 %  L-
°
lys ine , 0 . 1 5 % DL­
tryp tophan , O ·. 25 % DL- isoleucine , and 0 .  30% DL-methionine . 
TABLE 8 .  Effects o f  diets and strain on feed consumed 
per dozen eggs produced 
Stra in 
Diet 1 2 
kg . 
1 .  Cont rol ( 1 6 %) 2 . 42
a 3 . 22 
2 .  1 0 %  crude protein 2 . 79
ab 2 . 84 
3 .  1 0 %  + amino ac id  supp lement c 4 . 98
b 2 . 80 
4 .  As 3 + 0 . 1 0 %  DL-methionine 2 . 9 l
ab 2 . 9 1 
5 .  As 4 + 0 . 20 %  DL-valine 4 . 008
b 3 . 7 9 
6 .  As 5 + o .  20 % DL-threonine 2 . 46
a 3 . 10 
7 .  As 6 + 0 . 20 % L-arginine 2 . 54
8b 3 . 24 
a , b  
Differing supersc ripts  within a column denote signi ficant 
differences (P< 0 . 0 1 ) . 
c 
Amino acid supplement contained 0 . 20% L-lys ine , 0 . 1 5 %  DL-
tryptophan , 0 . 25% DL- isoleuc�ne , and 0 . 30% DL-methionine . 
Mean 
0 . 3 36 3  
0 . 2690 
0 . 2 6 8 2  
0 . 2 9 5 7  
o .  2 8 1 1 
0 . 2889 
0 . 2 9 2 9  
Mean 
2 . 8 2  
2 . 82 
3 . 89 
2 . 9 1 
3 . 89 
2 . 7 8 
2 . 89 
TABLE 9 .  Effects of diets and strain on average Haugh unit  s core 
St rain 
Diet 1 2 Mean 
1 .  Control ( 1 6 %) 80 . 6 2b 7 2 . 35
c 
76 . 48 
2 .  1 0 %  crude p rot e in 86 . l 7
a 
79 . 6 0
a 
8 2 . 88 
3 .  10%  + amino acid supp lement d 81 . 5.4b 7 4 . 1 4bc 7 7 . 84  
4 .  As 3 + 0 . 10 %  DL-methionine 82 . 16ab 74 . 7 3b c  7 8 . 44 
5 .  As 4 + 0 . 20% DL-valine 81 . 08b 75 . 38bc 7 8 . 23  
6 .  As 5 + 0 . 20% DL- threonine 83 . 8lab 1 s . 3sab 8 1 . 0 8 
7 .  As 6 + 0 . 20 %  L-arginine 80 � 9 6b 7 8 . 1 2ab 79 . 5 4 
a '  b ' c 
Di ff . . . h . 1 ering sup ersc rip ts wit 1n a co umn denote s ignif i cant 
d i �aerence s  (P<0 . 0 1 ) . 
Amino acid supp lement contained 0 . 20% L-lys ine , 0 . 1 5 %  DL­
tryp tophan , 0 . 25 %  DL-isoleuc ine , and 0 . 30% DL-methionine . 
was not significant ly influenced by the die t s  (Tab le 10) . Means in this 
table are a record of t ot al cumulat ive mortality and are not p e r iod 
.averages . Tab le 1 1  shows the means for average shell  thi ckness o f  eggs 
for hens in product ion .  Differences among the means we re s ignif ic ant 
only for the random-bred strain .  This strain-by-diet inte ract ion was 
s igni ficant at the 0 . 0 1 level of probability . In this strain , she lls 
of eggs p roduced by hens receiving diet 2 were s igni f ican t ly thi cke r 
than t hose o f  eggs p roduced by hens rece iving diet 3 or d ie t  4 .  No 
other s i gnif icant dif ferences existed among the means . 
Combined body we ig:.1t data for both strains are p re sented in 
Table 1 2 . No s ignif icant difference existed among the diet means for 
init ial we ight . The means for final weight fo r hens on all sup p l e­
ment ed 1 0% prote in diets (diets 3-7 )  were not different from the 
cont rols . Hens rece iving diet 6 were signi f icant ly he avie r at the 
TABLE 1 0 . Effect s of  d iets and stra in on total p ercent 
hen-housed mortality 
Strain 
Die t  1 2 
% 
1 .  Control ( 1 6 %) 6 . 2  1 2 . 5  
2 .  10%  crude pro t e in 6 . 2  25 . 0  
3 • . 10% + amino acid supp lement a 0 . 0  1 2 . 5  
4 .  As 3 + 0 . 10%  DL-methionine 1 2 . 5  6 . 2  
5 .  As 4 + o .  20 % DL-valine 1 2 . 5  1 2 . 5  
6 .  As 5 + 0 . 20 %  DL- threonine 1 2 . 5  1 8 � 7 
7 .  As 6 + 0 . 20% L-arginine 6 . 2  1 8 . 7  
No s ignif icant  diff erences exist among the means . 
a 
Amino acid supp lement contained 0 . 20% L-lys ine , 0 . 15 %  DL­
tryp tophan , 0 . 25 %  DL- isoleucine , and 0 . 30% DL-methionine . 
TABLE 1 1 .  Effects of die.t s and strain on 
average shell 
Diet 
1 .  Control ( 16 %) 
2 .  10% crude p ro t e in 
3 .  
c 
10% + amino acid supp lement 
4 .  As 3 + 0 . 10%  DL-methionine 
5 .  As 4 + 0 . 20% DL-valine 
6 .  As 5 + 0 . 20% DL-threonine 
7 .  As 6 + 0 . 20% L-arginine 
a , b  
Differing sup erscripts  with in 
difference s (P< 0 . 0 1 ) . 
c . d Amino acid supp lement containe 
tryp tophan , 0 . 25% DL- iso leuc ine , and 
thicknes s  
S train 
1 2 
IllIIl . 
0 . 375 0 . 36 6
ab 
0 . 383 0 . 3 7 4
a 
0 . 378  0 . 350
b 
0 . 378  0 . 3 4 7 b 
o .  375 0 .  3 6 2 ab 
0 . 38 1  0 .  356
ab 
0 . 383  0 . 35 7
ab 
a column denot e  s igni f icant 
0 . 20 %  L-lys ine , 0 . 1 5 %  DL-
0 . 30% DL-methionine . 
3 1  
Mean 
9 . 4  
1 5 . 6  
6 . 2 
9 . 4  
1 2 . 5  
1 5 . 6  
1 2 . 5  
Mean 
0 . 3 70 
0 . 3 7 8  
0 . 36 4  
0 . 36 3  
0 . 369  
0 . 369 
0 . 3 70 
TABLE 1 2 .  Effe c t s  o f  diets on body 
Diet 
1 .  Control ( 1 6 % )  
2 .  10%  crude protein 
3 .  10% + amino ac id supplementc 
4 .  As 3 + 0 . 1 0 %  DL-methionine 
s .  As 4 + 0 . 20% DL-valine 
6 .  As 5 + 0 .  20% DL-thr eonine 
7 .  As 6 + 0 . 20% L-arginine 
weights and 
Average 
Initial 
weight 
1 . 65 
1 . 6 2 
1 . 59 
1 . 63 
1 . 6 2 
l . '6 1 
1 . 60 
body wei ght  changes 
of  both 
Final 
weight 
kg . 
l . 82ab 
l . 64b 
i . 67 ab 
1 .  69 ab_ 
1 . 90ab 
1 . 9 l a 
1 . 81 ab 
s t rains 
Wei ght 
change 
0 . 1 7ab 
0 . 0 2b 
0 . 08 ab 
0 . 06ab 
0 . 28a 
0 . 30a 
0 . 2 1 ab 
a , b  n · ff · · · h 1 1 ering superscripts  wit in a co 1lllln · deno t e  s i gnif ic ant 
differences (P< 0 . 05 ) . 
c 
Amino ac-id supp lement contained 0 .  20 % L-lys ine , 0 . 1 5 %  DL­
tryp tophan , 0 . 25 % DL- isoleucine , and 0 . 30% DL-methionine . 
end of the· experiment than those fed the 10%  protein unsupp l ement ed 
diet (diet 2 ) . An analys is  of body weight change reveal s the same 
s ignificant differences ,  with diet 5 also allowing the hens to gain 
s igni f icantly mo re than the hens fed the 10% protein unsupp lement ed 
diet (diet 2 ) . 
3 2  
Plasma Free Amino . Acid Analysis . Means for plasma f re e  levels  o f  
var ious amino ac ids are p resented in Tables 1 3  through 2 3 . The 
following amino ac ids were not signi ficant ly affec t ed by diets : 
valine , isoleuc ine , leuc ine , lys ine , arginine , phenylalanine , h i s t i dine , 
.and tryptophan · as we ll as total essential amino acids . Die t s  signifi -
cant ly influenced pl asma f ree threonine levels (Tab le 1 3 )  and 
methi i 1 1 (T ble  1 4 )  Among the means for p lasma f ree on ne eve s a . 
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TABLE 1 3 .  Ef fects o f  diets and strain on p lasma free 
threonine levels 
S t rain 
Diet 1 2 Mean 
µM/ 100 ml . p lasma 
1 .  Control  ( 1 6 %) 44·. 40 38 . 05 4 1 . 33
abc 
2 .  1 0 %  crude prote in 36 � 35 3 2 . 25  34 . 30b c  
3 .  1 0 %  + amino acid supplement d 28 . 65 30 . 30 29 . 4 7bc  
4 .  As 3 + 0 . 1 0% DL-methionine 27 . 4 5 22 . 90 25 . 1 7bc 
5 .  As 4 + J . 20% DL-valine 1 7 . 75 3 1 . 20 24 . 4 7c 
6 .  As 5 + 0 . 20 % DL-threonine 48 . 20 45 . 85 · 4 7 . 0 2ab 
7 .  As 6 + 0 . 20% L-arginine 58 . 25 6 7 . 8 5 6 3 . 05 a 
a , b , c Differing superscrip ts with in a coluinn deno t e  s igni f i cant 
difaerence s (P< 0 . 05 ) . · 
Amino ac id supplement contained 0 . 20 %  L-lys ine , 0 . 1 5 %  DL­
tryp tophan , 0 . 25% DL-isoleuc ine , and 0 . 30% DL-methionine . 
TABLE 14 . Effect s o f  diet s and strain on p lasma f ree 
methionine levels 
Strain 
Diet 1 2 Mean 
µM/ 1 00 ml .  p la sma 
I .  Control ( 1 6 %) 6 . 70 7 . 65 7 . 1 7b 
2 .  1 0 %  crude pro t e in 8 . 60 7 . 50 8 . 05ab 
3 .  10% + amino acid supp lementc 6 . 90 1 4 . 55 1 0 . 7 2ab 
4 .  As 3 + 0 . 1 0 %  DL-methionine 1 5 . 40 1 5 . 05 1 5 . 22a 
s .  As 4 + 0 . 20% DL-valine 1 2 . 05 1 0 . 1 5 1 1 .  lOab 
6 .  As 5 + 0 .  20 % DL-threonine 1 1 . 20 1 2 . 60 1 1 . 9 0ab 
7 .  As 6 + o.  20 % L-arginine 1 1 . 75 1 2 . 80 1 2 . 27 ab 
a , b Dif fering superscrip t s  within a column denote s igni ficant 
differences  ( P< 0 . 05 ) . c Amino acid supp lement contained 0 . 20 % L-lysine , 0 . 1 5 %  DL-
tryp tophan , 0 . 25%  DL-isoleuc ine , and 0 . 30 %  DL-methionine . 
TABLE 1 5 . Effect s of  diet s and strain on plasma free 
lys ine levels 
Strain 
Diet 1 2 
µM/ 100 ml . p lasma 
1 .  Control ( 1 6%)  1 7 . 20 24 . 00 
2 .  1 0 %  crude protein 1 1 . 00 14 . 95 
3 .  10% + amino ac id supplementa 1 2 . 1 0  1 8 . 1 0  
4 .  As 3 + 0 . 1 0 %  DL-methionine 28 . 60 1 8 . ·90  
5 .  As 4 + J . 20% DL-valine 14 . 1 5 1 7  . 1 5 
6 .  As 5 + 0 . 20% DL- threonine 1 7 . 80 1 8 . 7 0  
7 .  As 6 + 0 . 20% L-arginine 1 2 . 5 5  1 7 . 65 
No signi ficant differences exist among the . means . 
a 
Amino acid supp lement cont ained 0 . 20% L�lysin e , 0 . 1 5 %  DL­
tryptophan , 0 . 25%  DL- isoleucine , and 0 . 30 % DL-methionine . 
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
T�LE 1 6 . Ef fec ts of diets and strain on p lasma f ree 
leucine levels 
St rain 
Die t  1 2 
· µM/ 100 ml .  pla sma 
Control ( 1 6%) 25 . 70 25 . 00 
1 0 %  crude pro tein 24 . 65 1 8 . 7 5 
1 0% + amino ac id supp lement a 13 . 55 2 7 . 20 
As 3 + 0 . 10% DL-methionine 23 . 30 21 . 3 0  
As 4 + 0 . 20% DL-valine 25 . 45 20 . 30 
As 5 + 0 . 20 % DL-threonine 19 . 20 25 . 70 
As 6 + 0 . 20 %  L-arginine 1 9 . 1 0  23 . 50 
No significant dif ferences exist among the means . a 
Ami no acid supplement contained 0 . 20% L-lys ine , 0 . 1 5% DL­
tryp tophan , 0 . 25% DL-iso leucine , and 0 . 30% DL-methionine .  
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Mean 
20 . 60 
1 2 . 9 7 
1 5 . 1 0  
23 . 7 5  
1 5 . 65 
1 8 . 25  
1 5 . 10  
Mean 
2 5 . 3 5 
2 1 . 70 
20 . 3 7 
22 . 30 
2 2 . 87  
22 . 45 
2 1 . 30 
TABLE 1 7 .  Effects of diets and strain on p lasma free 
isoleucine levels 
Strain 
Die t 1 2 
µM/ 1 00 ml . p la sma 
1 .  Control ( 1 6%) 9 . 55 1 1 . 10 
2 .  10% c rude pro t e in 8 . 25 5 . 7 5  
3 .  1 0 %  + amino ac id supplementa 1 3 . 00· 1 1 .  7 5  
4 .  As 3 + 0 . 10% DL-methionine 10 . 10 9 .- 80 
5 .  As 4 + -0 .  20 % DL-val ine · 10 . so 8 . 80 
6 .  As 5 + 0 . 20 % DL- threonine ' 7 . 25 1 0 . 40 
7 .  As 6 + 0 . 20 % L-arginine 9 . 20 9 . 20 
No significant differences exist  among the means . 
a 
Amino acid supp lement contained 0 . 20% L�lys ine , 0 . 1 5 % DL­
trypt ophan , 0 . 25% DL- isoleuc ine , and 0 . 30% DL-methionin e .  
TABLE 18 . Effects o f  diets and strain on pla sma f ree 
phenylalanine levels 
St rain 
Diet 1 2 
µM/ 100 ml .  p lasma 
1 .  Control ( 1 6%)  14 . 30 1 3 . 85 
2 .  10% crude protein 15 . 05 1 5 . 4 5  
3 .  10% + amino ac id supplementa 1 1 . 65 1 5 . 05 
4 .  As 3 + 0 . 10% DL-methionine 14 . 60 1 2 . 90 
5 .  As 4 + 0 . 20%  DL-val ine 1 3 . 80 1 2 . 85 
6 .  As 5 + 0 . 20 %  DL-threonine 14 . 1 0 1 3 . 20 
7 .  As 6 + 0 . 20% L-arginine 13 . 30 1 2 . 70 
No significant differences exist among the means . a 
Amino ac id supp lemen t contained 0 . 20% L-lysine , 0 . 1 5% DL­
tryp tophan , 0 . 25 % DL- isoleuc ine , and 0 . 30 % DL-methionin e . 
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Mean 
10 . 3 2 
7 . 00 
1 2 . 3 7  
9 . 95 
9 . 80 
8 . 82 
9 . 20 
Mean 
1 4 . 0 7 
1 5 . 25 
13 . 35 
13 . 75 
1 3 . 32 
1 3 . 6 5  
1 3 . 00 
TABLE 19 . Effec ts of diets and s train on plasma free 
histidine levels 
St rain 
Diet 1 2 
µM/ 1 00 ml . p lasma 
1 .  Control ( 1 6%)  1 2 . 55 8 . 50 
2 .  10% crude protein 1 3 � 40 1 1 . 95 
3 .  10%  + amino ac id supplementa 10 . 70 10 . 9 5 
4 .  As 3 + 0 . 10% DL-methionine 1 5 . 80 9 . 8 5  
5 .  As 4 + 9 . 20% DL-valine · 14 . 7 5 1 1 . 30 
6 .  As 5 + 0 . 20% DL- threonine n . 5o 1 2 . 4 0 
7 .  As 6 + 0 . 20% L-arginine 1 1 .  90 10 . 1 0 
No significant diff erences exist among the means . 
a 
Amino ac id supp lement cont ained 0 . 20 % L�lysine , 0 . 1 5 %  DL­
tryptophan , 0 . 25%  DL- iso leucine , and 0 . 30% DL-meth ionine .  
TABLE 20 . Ef f ects  of diets  and strain on plasma free 
trypt ophan levels 
St rain 
Die t  1 2 
µM/ 100 ml .  p lasma 
1 .  Contro1. ( 1 6 %) 6 . 7 5 8 . 55 
2 .  1 0 %  crude p ro t e in 7 .  20 6 . 20 
3 .  1 0 %  + amino ac id supp lementa 8. 35 1 0 . 25  
4 .  As 3 + 0 . 1 0 %  DL-me thionine 7 . 85 8 . 30 
5 .  As 4 + 0 . 20% DL-valine 9 . 60 1 1 . 30 
6 .  As 5 + 0 . 20% DL-threonine 7 . 40 8 . 70 
7 .  As 6 + 0 . 20 % L-arginine 1 0 . 05 8 . 05 
No s ignif ican t  dif ferences exis t among the means . 
a 
Amino acid supplement contained 0 . 20 %  L-lys ine , 0 . 1 5 %  DL­
tryp t ophan , 0 . 25% DL- isoleucine , and 0 . 30% DL-methionine . 
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Mean 
1 0 . 5 2 
1 2 . 6 7 " 
10 . 8 2 
1 2 . 82 
1 3 . 02  
1 1 .  95  
1 1 . 00 
Mean 
7 . 65 
6 . 70 
9 . 30 
8 . 0 7  
9 . 7 2 
8 . 05 
9 . 05 
TABLE 2 1 .  Ef fects of diets and s train on plasma free 
val ine levels 
Strain 
Diet 1 2 
µM/ 1 00 ml . plasma 
1 .  Control ( 1 6%)  22 . 00 2 1 . 7 5  
2 .  1 0 %  crude protein 1 8 . 00 1 1 .  95 
3 .  1 0 %  + amino acid supplement a 9 . 45 1 7 . 4 5 
4 .  As 3 .+ 0 . 1 0 %  DL-methionine 14 . 90 . 1 2  •. 95  
5 .  As 4 + o .  20% DL-valine 24 . 7 5 2 1 � 85 
6 .  As 5 + 0 . 20% DL- thr eonine 1 6 . 45 24 . 30 
7 .  As 6 + o .  20% L-arginine 20 . 60 23 . 60 
No s ignificant diff erences exist among the · means . 
a 
Amino ac id supp lement contained 0 . 20% L�lysine , 0 . 1 5 % DL­
tryptophan , 0 . 25% DL- iso leucine, and 0 . 30% DL-meth ionin e .  
1 .  
2 .  
3 .  
4 .  
5 .  
6 .  
7 .  
TABLE 2 2 . Effects of diets and strain on p lasma free 
arginine levels 
St rain 
Diet 1 2 
µM/ 1 00 ml . plasma 
Control ( 1 6%)  36 . 50 29 . 60 
1 0 %  crude protein 39 . 90 3 1 . 25 
10%  + amino ac id supplementa 29 . 00 2 7 . 25 
As 3 + 0 . 1 0 %  DL-methionine 30 . 10 28 . 90 
As 4 + 0 . 20% DL-valine 29 . 70 2 6 . 10 
As 5 + 0 . 20% DL-threonine 46 . 30 2 7 . 65 
As 6 + 0 . 20% L-arginine 32. 85 29 . 1 0 
No s i gnificant diff erences exi st among the means . a 
Amino ac id supp lement cont ained 0 . 20 % L-lys ine , 0 . 1 5 %  DL­
tryptophan ,  0 . 25% DL- iso leucine , and 0 . 30% DL-methionine . 
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Mean 
2 1 . 8 7 
14 . 9 7 
13 . 4 5 
1 3 . 9 2 
23 . 30 
20 . 3 7 
2 2 . 10 
Mean 
33 . 05 
�5 . 57 
28 . 1 2 
2 9 . 50 
2 7 . 90 
36 . 9 7  
30 . 97 
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TABLE 2 3 . Effects of diets and strain on plasma . free 
tot al essent ial amino acid level s  
St rain 
Diet 1 2 Mean 
µM/ 1 00 ml . p lasma 
1 .  Control ( 1 6 %) 1 9 7 . 2 5 1 8 7 . 90 1 9 2 . 5 7 
2 .  10% crude pro t e in 1 82 . 35 1 56 . 20 
3 .  1 0 %  + amino ac id supp lementa 145 . 80 18 3 . 00 
4 .  As 3 + 0 . 1 0 %  DL-me thionine 1 88 . 25 1 60 . ·9 5  
5 .  As 4 + 0 . 20% DL-valine 1 7 2 . 4 5  1 6 9 . 60 
6 .  As 5 + 0 . 20 % DL-threonine 1 84 . 50 1 9 9 . s·o 
7 .  As 6 + 0 . 20% L-arginine 1 99 . 65 2 14 . 65 
�o s ignificant  dif ferences exist among th� · means . 
Amino acid supplement contained 0 . 20 % L-lysine , 0 . 1 5 %  DL­
tryp tophan , 0 . 2 5 %  DL- isoleucine,  and 0 . 30 % DL-methionine .  
1 69 . 2 7 
1 64 . 40 
1 74 . 60 
1 7 1 . 02  
1 9 2 . 00 
2 0 7 . 1 5 
threonine levels , none were significant ly different from tho s e  ob served 
for hens fed diet 1 .  Levels of threonine in p lasma samp le s  f rom hens 
fed diet 7 were signif icant ly higher than those in samp les from hens 
receiving diets 2 to 5 .  The free threonine in samp les f rom b irds fed 
diet 6 were significantly higher than that in samples from those fed 
diet S. Methionine plasma free levels are presented in Tab l e  14 . 
Averaged over s trains , plasma levels of free methionine in hens fed 
diet 4 were significantly higher than those of hens r eceiving diet 1 .  
No other s ignificant dif ferences existed among the means . 
� Albumen Amino Acid Analysis . Diets  did not s ignificantly 
influence the amino acid cont ent of albumen of eggs pro duced in the 
later part of the study . Va lue s for mean albumen cnntent s of amino 
ac ids are presented in Table 24 . 
TABLE 24 . Effects o f  diets on amino acid content o f  egg albumen 
Ave rage o f  both s t rains 
Amino ac id · 
As p ar-
Hi s t i- Argi.- Threo- t i c  Pro- Gly- Ala-
Diet Lys ine dine nine nine Serine ac id line cine nine 
% 
1 .  Control ( 1 6 %) 0 . 6 2 0 . 20 0 . 54 0 . 4 1 0 . 6 3 0 . 99 0 . 35 0 . 32 0 . 55 
2 .  10% crude p ro t e in 0 . 66 0 . 20 0 . 56 0 . 46 0 . 6 8 1 . 0 3  0 . 32 0 . 35 0 . 60 
3 .  10%  + amino ac id supp lement a 0 . 65 0 . 2 1 0 . 55 0 . 45 0 . 6 3 1 . 00 0 . 3 3 0 . 32 0 . 55 
4 .  As 3 + 0 . 10% DL-methionine 0 . 60 0 . 20 0 . 5 4 0 . 4 1  0 . 6 2 0 . 94 0 . 3 2 0 . 32 0 . 56 
S .  As 4 + 0 . 20% DL-valine 0 . 6 7 0 . 20 0 . 54 0 . 4 3 0 . 66 1 . 06 0 . 38 0 . 34 0 . 60 
6 .  As 5 + 0 . 20% DL-threonine 0 . 64 0 . 24 0 . 54 0 . 45 0 . 68 1 . 1 8 0 . 3 1 0 . 35 0 . 60 
7 .  As 6 + 0 . 20% L-arginine 0 . 65 0 . 2 1 0 . 5 2 0 . 44 0 . 68 1 . 0 1 0 . 3 3 0 . 34 0 . 58 
Average 0 . 64 0 . 2 1 0 . 55 0 . 44 0 . 6 6 1 . 0 3 0 . 33 0 . 33 0 . 5 8 
Co t terill et al . ( 19 7 7 )  0 . 6 6 0 . 2 1 0 . 56 0 . 42 0 . 64 1 . 09 0 . 45 0 . 33  0 . 58 
No s ignificant difference s exist among the means . 
a 
Amino acid supp lement contained 0 . 20% 1-lysine , 0 . 1 5 %  DL-tryp tophan , 0 � 25% DL-isoleuc ine , 
and 0 . 30% DL-methionine . 
� "° 
TABLE 24 Continued 
Average o f  both s trains 
Amino acid 
Iso- Glu- Phenyl-
Ha;l.f Methfo- leu- . tamic Tyro- ala-
Diet cys tine Valine nine cine Leucine acid s ine nine 
% 
1 .  Control ( 1 6 % )  0 . 24 0 . 6 3 0 . 37 0 . 49 0 . 80 1 .  26 0 . 3 8  0 . 56 
2 .  1 0 %  crude protein 0 . 26 0 . 6 8 0 . 38 a . so 0 . 83 1 . 3 1 0 . 39 0 . 59 
3 .  10% + amino acid s upp lement a 0 . 2 1 0 . 65 0 . 34 0 . 46 0 . 7 7  1 . 23 0 . 36 0 � 55 
4 .  As 3 + 0 . 10% DL-methionine 0 . 24 0 . 6 3 0 . 36 0 . 48 o .  79 1 . 22 0 . 36 0 . 54 
5 .  As 4 + 0 . 20 %  DL-valine 0 . 25 o .  7 1  0 . 38 a . so 0 . 84 1 . 29 0 . 40 0 . 5 8 
6 .  As 5 + 0 . 20 %  DL-threonine 0 . 25 0 . 7 3  0 . 39 0 . 5 1  0 . 85 1 . 34 0 . 4 1 0 . 59 
7 .  As 6 + 0 . 20 %  L-arginine 0 . 34 0 . 65 0 . 3 7 0 . 48 0 . 82 1 .  28 0 . 38 0 . 5 8 
Average o .  26 . 0 . 6 7 0 . 3 7 0 . 49 0 . 82 1 .  2 7  0 . 38 0 . 5 7 
Cott erill e t  al . ( 1 9 7 7 ) 0 . 30 0 . 6 7 0 . 39 0 . 5 1  0 . 83 1 . 32 0 . 4 1 0 . 55 
No s ignificant differences exist among the means . 
a Amino acid supp lement contained 0 . 20 %  L-lys ine , 0 . 1 5 %  DL-tryp tophan , 0 . 25 %  DL-isoleuc ine , 
and 0 . 30 %  DL-meth ionine . 
� 0 
Experiment l 
Protein-perio d  Interactions . A statist ically s igni f ic ant inte r­
action existed between periods and p roteins in percent hen-day egg 
product ion , p roduct ion as grams per hen�day , feed consump tion ,  grams 
4 1  
o f  egg produced p e r  gram o f  feed consumed , average e g g  weight , and 
kilograms of f eed consumed per dozen eggs p roduced . These  interact ions 
are of a minor nature in that relationship s among p ro t e ins remain t he 
same in all p eriods , but relative differences change and re sult in the 
interact ion be ing s t at ist ically significant . The degree o f  these 
interact ions i s  such that they are of minor prac tical s ignificance and 
averaging p roteins ove r periods will not mask any relat ionship s among 
proteins . 
All means p resent ed ,  unless otherwise stated , are averaged over 
periods and . cage typ e . 
Percent Hen-day !g_g_ Product ion . Means for p ercent hen-day egg 
production are present ed in Tab le 25 . Additionally , means for each 
protein averaged over lys ine levels are calculate d . Comparisons among 
means were done on a row-by-row basis us ing Tukey ' s  h s d  p rocedure 
(Steele and To rrie , 1 9 60 ) .  Th is procedure was app lied in the same 
manner to means of all parameters lis ted in subsequent t ab les . 
Although cont ra st s were not made among lys ine levels within a 
protein , product ion was numerically greatest for hens f ed the unsupp le­
ment ed 1 0 %  protein diet at the 0 . 65 %  lys ine level .  For thos e fed the 
12%  prot ein diet , the greatest value for percent hen-day egg p roduc­
tion appears t o  be be twe en the 0 . 65 %  and 0 . 70 % lysine levels . No clear 
Lys ine 
level 
0 . 55 %  
0 . 60%  
0 . 65 %  
0 . 70 %  
o .  75 % 
0 . 80 %  
TABLE 25 . Effect s of proteins and lys ine leve ls on 
percent hen-day egg product ion 
Means of s ix per iods and two cage types 
Pro t e in a 
10%  1 2% 
% 
54 . 9 8 5 4 . 27  59 . 48 
54 . 1 3 5 2 . 47 64 . 1 7 
59 . 05 5 2 . 61 69 . 33 
54 . 71 49 . 4 1  70 . 54 
50 . 84 5 1 . 59 6 7 . 64 
5 3 . 57 5 3 . 1 2 70 . ,3 2 
4 2  
- - - - - - - - -- - - -
Pro t eins 
averaged 
over lys ine 
leve ls 
- - - - - -
54 � 55d 52 . 25 d 66 . 9 1 c 
a All diets supp lemented to  0 . 5 5 %  total s ulfur amino acids with 
DL-w-ethionirie .  
Additionally supp lemented with 0 . 0 7 5 %  L-tryp tophan and 0 . 25 %  
DL-i s�leucine . 
c ,  
Dif fering sup erscr ip t s  with in a row denote s igni f icant 
differences (P< 0 . 0 1 ) . 
maximization of p roduct ion was ob served among the leve ls of lys ine in 
the 10%  prot ein supp lemented die t .  Lys ine levels averaged over all 
periods did not s i gnif icant ly influence percent hen-day egg product ion . 
Comparisons among the p rotein means averaged over lys ine leve ls reveal 
that product ion for the 1 2% prot ein diet was s i gni f icant ly greate r  than 
. with e i ther 1 0 %  protein d ie t . There was no s igni f icant d i f ference 
between the 1 0 %  diet s . 
Production Expressed as Grams Per Hen-day.  Means for p roduct ion 
43 
expre s sed as grams per hen-day are presented in Table 26 . Comp arisons 
among the various clas ses of means were carried out in the same manner 
as previous ly de scribed . Significant d�ff erence s  among the se means 
follow the exact same pattern as those des cribed for perc ent hen-day 
egg product ion . 
TABLS 26 . Ef fec t s  of proteins and lys ine level s  on egg mas s 
per hen-day 
Means of  six periods and two cage types 
. Lysine 
level 10% 
Protein a 
1 2 %  
--------- g . /HD ---------
0 . 5 5 %  
0 . 60 %  
0 . 65 %  
0 . 70% 
o .  75 % 
0 . 80%  
Proteins 
averaged 
over lys ine 
levels 
3 2 . 80 
33 . 00 
35 . 8 1 
33 . 4 3 
30 . 7 1 
33 . 1 8 
a 
All die t s  supplement ed to 
DL-y;ethionine . 
Addit ionally supplement ed 
DL-isgleucine . c ,  
Differing supers cripts 
dif ferences (P< 0 . 0 1 ) . 
33 . 22 
32 . 39 
3 1 . 9 2 
30 . 56 
30 . 64 
32 . 08 
36 . 84 
39 . 78 
43 . 32 
4 3 . 2 9  
4 1 . 68 
43 . 6 8  
0 . 55 %  total sulfur amino acids with 
with 0 . 0 75 %  L- tryptop�1an and 0 . 25 %  
within a row denote s ignificant 
Hen-day Feed Consumption . Ben-day feed c onsump ti on means are 
present ed in Tab le 2 7 . The hen-day feed consumpt ion of hens fed the 
12% protein diet was s ignificant ly greater than that of hens fed the 
44 
10% prot ein supp lemented diet and the 10% protein unsup plemented die t .  
Lysine levels averaged over prot eins d id not signif icantly influence 
feed consump t i on. 
�ABLE 2 7 . Effects of proteins and lys ine levels on 
hen-day feed consump t ion 
Means of .. six periods and two cag� typ es· 
Lysine 
level 
0 . 55 %  
0 . 60 %  
0 . 65 %  
o .  70 % 
0 .  75 % 
0 . 80 %  
- - - -
Proteins 
averaged 
over lysine 
levels 
10%  
95 . 3 3 
98 . 9 6 
99 . 9 4 
9 7 . 0 2 
93 . 35 
95 . 33 
- - - - - - - - - - - -
96 . 65
d 
Protein a 
1 0 %  +b 
g . /HD 
95 . 1 1 
92 . 83 
88 . 98 
89 . 31 
88 . 33 
89 . 0 3 
- - - -
90 . 60 d 
- - - - - -
1 2 %  
1 05 . 7 9  
1 0 6  . 1 5 
103 . 56 
107 . 5 1  
1 0 4 . 49 
1 0 7  . 2 5 
- - - - -
105 . 79 C 
a 
All diets supp lement ed to  0 . 55 %  total sulfur amino acids with 
DL-methionine . � 
d 0 25 % D Additionally supp �emented with 0 . 07 5 %  L-t ryp t ophan an . o 
DL- isoleucine . 
c , �  Differing sup ers cripts within a row denote s igni f icant 
dif ference s (P<0 . 0 1 ) . 
-
Period-Cage Type-Prot ein Int eraction in Fee d Conve rs ion . A 
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signi f icant int eraction exi sted between periods , cage typ e , and p ro t eins 
in f eed convers ion . Means for this factor are p resent ed in Tab le 2 8 . 
As shown in the t able , no differences existed be tween the hen ' s ab ility 
to convert either 1 0 %  prot ein diet in b�th cage t ypes  in any period . 
The int eract ion exi s t ed due to  the fact that a signi f i c an t ly reduced 
· ·convers ion of  the 1 0 %  protein unsupplemented die t  was · occur ring only . 
in certain p eriods in each cage type • .  In p eriods 3 and 6 in the small 
cages , the 10% protein diet  supp lement ed with iso leucine and t ryp tophan 
was no t converted by the hens as we ll as the 1 2 %  protein diet . 
Cage 
tyPe 
Small 
Large 
TABLE 28 . 
Period 
· 1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
The influence of periods , cage type , 
proteins on feed convers ion 
10% 
g .  
0 . 31 82d 
0 . 3233d 
0 . 3 740 
o .  30 7 1 d o .  36 7 1 d o .  36 1 1  
0 . 2999 
0 . 3502d 
0 . 3 3 74 
0 . 3609 
0 . 359 8
d 
0 . 3583 
Protein a 
1 0 %  +
b 
egg/g . 
0 .  3 1 1 8  
cd 0 . 340 6
d o .  34 1 1  
0 . 349 5
cd 0 . 3980
d 0 . 3 75 7  
0 . 3 1 22  
0 . 3 35 9  
d 0 . 3466 c 
0 . 3 6 35 
0 . 3 7 1 5  
d 0 . 385 2 c 
feed 
and 
1 2 %  
0 . 3449 
0 . 3884 c 
0 . 4 30 7 c 
0 . 3248 
0 . 4 2 85 c 
0 . 4 7 7 2 c 
0 . 3320 
0 . 3 89 7  
0 . 3980c 
0 . 40 2 2  
0 . 383 1 
0 . 4 1 9 8c 
a 
All diets supp lemented to 0 . 55% total sulfur amino acids with 
DL-methionine . 
h d o 2s � 0 Additiona lly supp lemented with 0 . 0 7 5 %  L-t ryp top an an . h 
DL- iso leuc ine . 
d · · f  · t c ,
a 
Di ffering superscrip t s  within a row eno te s 1gn1 1can 
differences (P< 0 . 0 1 ) . 
Influence of Diets on Body Weight and Weight Change . Means for 
body weights and weigh t  changes of the hens as inf luenced by p rotein 
are presented in Tab le 2 9 . Hens receiving the 1 2 %  p ro t e in diet had 
46 
s ignificant ly higher body weight s at t�e end of  the experiment and thus 
a s ignific ant we ight gain . No differences existed between the 1 0 %  
diet s . The hens on both ac�ually los t  weight . 
-:TABLE 2 9 . Influence of p rotei�s- on body wei gh t s  and 
body weight -changes 
P�t�n a 
10% 10% +
b 
kg . 
Init ial weight 1 . 5 2  1 . 53 
Final weight l . 44
d l . 40d 
Weight change -0 . 08
d -0 . 1 3d 
1 2 %  
1 . 50 
1 . 60 c 
+0 . lOc 
a All diets  supp lemented t o  0 . 55 %  tot al sulfur amino a cids with 
. DL-wethionine . . 
Additionally supp lement ed with 0 . 0 7 5 %  L-t ryp tophan and 0 . 25 %  
DL- is8leucine . c ,  Differing sup erscripts  within a row denote s igni fi cant 
differences (P<0 . 0 1 ) . 
Factors Not Influenced Ey_ Diets . No s igni f ic ant dif ferences 
existed among any c lass of  means in average egg weigh t  (Tab le 30 ) ,  
ki lograms o f  f eed  consumed per dozen eggs produced (Tab le 3 1 ) ,  Haugh 
unit s  (Tab le 3 2 ) , p er cent hen-housed mortality (Tab le 3 3 ) , or shell 
thickness (Tab le 3 4 ) . 
Lys ine 
leve l 
0 . 55 %  
0 . 60 %  
0 . 65 %  
0 . 70% 
o .  15 % 
0 . 80 %  
TABLE 30 . Ef fec ts of proteins and lys ine levels on 
average egg weight 
Means of six pe riods and two cage 
Pro t ein a 
10% 10%  +b 
g .  
59 . 69 6 1 . 20 
60'. 7 9  6 1 . 5 1  
60 . 5 1 60 . 5 2  
6 1 . 08 6 1 . 68 
60 . 2 7 59 . 5 2  
6 1 .  76 60 . 34 
47 
type s 
1 2% 
6 1 . 90 
6 1 . 86 
62 . 3 1 
6 1 . 1 7  
6 1 . 4 8 
62 . 1 2 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Proteins 
averaged 
over lys ine 
levels 
60 . 68 60 . 79 6 1 . 8 1 
No s igni ficant differences exis t among these means . 
a All die t s  supp lement ed to 0 . 55%  total sulfur amino acids with 
DL-�ethionine . 
Addit ionally supplement ed with 0 . 075%  L- tryp tophan and 0 . 25 %  
DL- isoleuc ine . 
TABLE 3 1 . Ef fect s o f  p roteins and lysine levels on feed consumed 
per dozen e ggs produced 
Means o f  s ix Eeriods and · two cage ty:ees 
Lys ine 
level 
0 . 55 %  
.0 . 60 %  
0 . 65 %  
0 . 70 %  
0 . 75 %  
0 . 80 %  
Proteins 
averaged 
over lys ine 
levels 
10% 
2 . 1 8  
.2 . 43 
2 . 06 
2 . 20 
2 . 40 
2 . 20 
2 . 25  
Prot ein a 
1 0 %  +b 1 2 %  
kg . /dozen 
2:. 43 .2 . 2 7 
2 . 1 6  2 .-0 4  
·2 . 06 �L 83 
2 . 28 ·1 .  85 
2 . 25 1 - .  89 
2 . 09 1 . 87 
2 . 2 1  1 . 9 6  
No s ignif icant differences exi s t  among these means . 
a All die ts  supp lement ed to 0 . 55 %  total sulfur amino acids with 
DL-giethionine . 
Addit ionally supp lemented with 0 . 0 7 5 %  L-t ryp t ophan and 0 . 25 %  
DL-iso leucine . 
Lys ine 
level 
0 . 55 %  
0 ·. 60 %  
0 . 65 %  
0 . 70 %  
0 . 75 %  
0 . 80% 
TABLE 32 . Effe cts of proteins and lysine levels on 
average Haugh uni t s core 
Means of s ix periods and two · cage types 
Prot ein 
a 
10% 10%  +b 1 2 %  
78 . 52  76 . 39 7 5 . 88 · 
7 7 . 81 75 . 03 7 6 . 48 
7 6 . 06 7 3 . 92 75 . 5 7 
76 . 04 75 . 04 7 4 . 44 
7 7 .  9 1  76 . 7 7 7 6 . 86 
7 7 . 88 7 7 . 22 74 . 9 3 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Prot eins 
averaged 
over lys ine 
levels 
7 7  . 3 7 75 . 73 75 . 69 
No s ignif icant difference s exi s t  among the se means .  
a All die t s  supplemented to 0 . 55 %  tot al s ulfur amino acids with 
DL-wethionine . 
Additionally sup p lemented with 0 . 0 7 5 %  L-tryp tophan and 0 . 25 % 
DL-isoleucine . 
TABLE 33 . 
Lysine 
leve l 
0 . 5 5%  
0 . 60 %  
0 . 65 %  
0 . 70% 
0 . 75%  
0 . 80 %  
- - - -
Proteins 
averaged 
over lys ine 
levels 
Ef fects  of  
- - - - -
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proteins and lys ine levels on t otal pe rcent 
hen-housed mortality 
Means of two cage tyEes 
Prot ein a 
1 0 %  10%  +b 1 2 %  
% 
1 8 . 30 1 . 68 6 . 6 6 
1 1 '. 64 1 8 . 30 8 . 34 
1 1 .·64  3 . 30 3 . 30 
6 . 66 16 . 6 2 23 . 2 8 
1 1 . 64 9 . 96 4 . 9 8 
1 1 . 64 15 . 00 0 . 00 
- - - - - - - - - - - - - - - - - - - - - - - -
11 . 94  10 . 92 7 . 74 
No signif icant d if fe rence s exist  among the se means . 
a 
All die t s  supp lemented to 0 . 55 %  total sulfur amino ac ids with 
DL-wethionine . 
. Addi tionally supplement ed with 0 . 0 75% L- tryptophan and 0 . 2 5 %  
DL-iso leucine . 
Lys ine 
level 
0 . 55 %  
0 . 60 %  
0 . 65 %  
0 . 70% 
o .  75 % 
0 . 80 %  
- - - -
Prot eins 
averaged 
over lysine 
levels 
TABLE 34 . 
- - - - -
Ef fects of p roteins and lys ine levels 
on average shell thickne s s  
Means o f  s ix Ee riods and two cage 
Protein a 
10% 10% +b 
mm .  
0 . 3804 0 . 3828 
0 . 3i24 0 .. 3723 
o.  381 1 0 . 3808 
0 . 3 7 70 0 . 37 2 3  
0 . 3 7 9 6  0 . 3 7 32 
0 . 3845 0- . 3727 
- - - - - - - - - - - - - - - - - - - -
0 . 37 9 2 cd 0 . 3 7 5 7
d 
t�:ee s 
1 2 %  
0 . 3837  
0 .. 3825 
0 . 3836 
0 . 3 7 70 
0 . 3 8 1 1  
0 . 3 75 1 
- - - -
0 . 3805 c 
a All diets  supp lement ed t o  0 . 55 %  total s ulfur amino acids w ith 
DL-v;ethionine . 
Additionally supp lemented with 0 . 0 75 %  L-t ryp tophan and 0 . 25 %  
DL-is�leucine . 
c ,  Differing sup erscrip t s  within a row denote s ignif icant 
differences (P<0 . 05 ) . 
5 1  
5 2  
Plasma Free Amino Ac id Analys is . Table 3 5  present s means for 
plasma free essential amino ac id levels of the hens as they were 
influenced by proteins . As shown in the tab l e , the bird ' s  plasma free 
threonine , valine , isoleucine , leucine , ,  lys ine , and arginine levels 
were each signi ficantly influenced by proteins . Free level s  o f  methio­
nine , phenylalanine , tryptophan , and his tidine in the p lasma of the hens 
were not s ignif icant ly influenced by proteins . Free threonine plasma 
levels of hens receiving the 10% p rotein diet with supplemental iso­
leucine and t ryptophan were signifi�antly lower than tho se  of hens fed 
the 10% unsupp lemented or 12% protein diets . The differenc e between 
the free threonine p lasma levels of hens f ed the 1 0 %  protein unsupple­
mented diet and the · 12% pr�tein diet was also significant . The same 
significant differences were ob served among plasma free leucine levels 
of . the hens . Plasma f ree valine and isoleucine l ev els f ollowed like 
trends  in that no s ignificant difference existed for p laS11¥l levels 
of either free amino acid between hens receiving the 10% diets . Hens 
f e� both 1 0% p rotein diets had significantly lower p lasma f ree amino 
acid levels than hens fed the 1 2 %  diet . Hens fed the 1 0 %  diet  
supp lemented with isoleucine and tryptophan had signi ficant ly lower 
plasma f ree lys ine levels than tho se fed the 1 0 %  diet without 
additional supplementat ions . Neither 10% prot ein die t p roduced p l�sma 
free lys ine levels s ignificantly dif ferent from tho se of hens receiving 
the 1 2 %  diet . Plasma free arginine levels of hens receiving the 10% 
protein diet supplemented wi�h isoleucine and tryp tophan were 
significantly lower than that from hens on any o ther diet . No 
TABLE 3 5 . Influence of prot eins on plasma free es s ential 
amino acid levels 
Protein a 
Amino acid 1 0 %  10%  +
b 
1 2% 
llM/ 100 ml . plasma 
Threonine 3 5 . 7 ld 25 . 67 e 4 2 . 9 1 c 
Valine 2 1 . 56
d 
1 8 . 08.d 28 . 50 c 
Methionine 18 . 94  1 8 . 47  2 1 . 93 
Isoleucine 1 1 . 0 1  d 1 2 . 29d 15 . 24
c 
Leucine 34 . 23d 2 7 . 28
e 
39 . 62 c 
Phenylalanine 24 . 1 6 1 8 . 6 7 22 . 63 
Tryp tophan 7 . 40 9 . 3 5 1 0 . 63  
Lysine 4 7 . 4 7c 3 2 . 38d 40 . 9 2cd 
Hist idine 25 . 06 1 9 .  7 7  23 . 16 
Arginine 44 . 26c 34 . 44d 46 . 95 c 
a All diets supplemented to 0 . 55%  t otal sulfur amino acids with 
DL��ethionine . . · 
Additionally supp lemented with 0 . 075%  L-tryptophan and 0 . 2 5 %  
DL-is3leucine • . 
c ,  , e Differing sup er script s  within a row denote s ignificant 
differ�nces (P< 0 . 05 ) . 
s igni ficant differences existed between plasma free arginine leve�s 
of hens fed the 10%  pr.otein diet without addit ional suppl ementation 
o r  the 12% protein die t . A s ignifi�ant interaction exi s t s  between 
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cage typ e and proteins in plasma free total essential amino aci d  l evels 
of  the hens . In both cage typ es , hens fed the 1 0 %  protein diet supple-
mented with isoleucine and tryptophan had significan t ly lower p lasma 
free total essen ti al amino ac id levels than those  on ei ther o f  the 
other diet s . The int eractio� is s ignificant due t o  the fact that 
the reduction in plasma free t otal essent ial amino acid l evels  of hens 
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fed the 1 0 %  protein diet without addit ional isoleucine and tryptophan 
in the small cages did not occur among hens in the large cages (Tab le 
36 ) . Table 3 7  presents means for the influence of diet ary lys ine l evels 
on plasma free lys ine and arginine leve�s of the hens . Hens fed diets 
containing 0 . 80%  lys ine had s ignificant ly higher plasma free lys ine 
levels than tho s e  f ed diet s containing 0 . 55% or 0 . 60% lys ine . No o ther 
s ignif icant d iff erences exis ted among the means for the hens ' p lasma 
free lys ine levels . The influence of dietary lys ine levels on plasma 
free arginine levels of the hens approached s ignificanc e .  
· � Albumen Amino Acid Analys is . Analys is of egg a lbumen from 
hens receiving the .�ighest  and lowest dietary lys ine level in each 
protein and cage typ e  revealed .no dietary or cage type influences on 
albtunen content of amino acid s . Means for egg albumen amino acid 
contents  are p resented in Table 38 . 
Cage 
type 
TABLE 36 . Influence o f  cage typ e and pro teins on plasma free 
total essential amino acid level s  
Protein a 
10%  10%  +
b 
1 2 %  
µM/ 100 ml . plasma 
55  
Small 2 53 . 7 3
d 
207 . 0 l
e 
3 1 1 .  05 
c 
Large 285 . 8 7
c 
22 6 . 04d 2 7 3 . 96 c 
a All d iets  supplemented to 0 . 5 5 %  t otal sul fur amino ac ids with 
DL-wethionine . 
Addi t ionally supp lemented with 0 . 075% L-t ryp tophan artd 0 . 2 5 %  
DL-is8leucine . 
c ,  , e  Differing superscripts  within a row denot e  s ignificant 
dii ierences (P< 0 . 0 1 ) . 
TABLE 37 . Inf luence of dietary lysine levels on p lasma free 
lys ine and argin�ne levels 
Amino Diet ary lysine level 
acid 0 . 55%  0 . 60 %  0 . 65% " 0 . 70% 0 . 7 5 %  
µM/ 1 00 ml . plasma 
Lysine 34 . 6 lb 34 . 84b 4 1 . 28
ab 38 . 67ab 43 . 3 1  ab 
Arginine 46 . 80 47 . 6 1 40 . 79 38 . 65 39 . 48 
a , b 
Dif fering sup erscrip t s  wi thin a row denot e  s ignificant 
dif ferences (P< 0 . 05 ) . 
0 . 80 % 
49 . 1 2a 
3 7 . 97  
TABLE 38 .. Influence of p rote ins and lys ine levels on e gg albumen amino acid content 
Amino acid 
As p ar-
Lys ine Hi s t i- A�gi- tic . Threo-
Protein leve l Lis ine dine nine acid nine Serine 
% 
10% 0 . 5 5 %  0 . 6 8 0 . 2 3 0 . 5 8 0 . 9 3 0 . 40 0 . 6 2 
10% 0 . 80 %  0 . 6 3 0 . 22 0 . 54 0 . 9 7  0 . 4 1  0 . 6 1 
10% +a 0 . 55 %  0 . 66 0 . 25 0 . 5 8 1 . 09 0 . 42 0 . 6 4 
10% +a 0 . 80% 0 . 6 2 0 . 2 1 0 . 50 0 . 9 8 0 . 35 0 . 6 6 
1 2 %  0 . 5 5 %  0 . 60 0 . 22 0 . 5 7  1 . 00 0 . 4 3 I 0 . 64 
12%  0 . 80% 0 . 62 0 . 25 0 . 5 6 0 . 9 7  0 . 42 . o . -65 
Mean 0 . 64 0 . 23 0 . 56 0 . 99 . 0 .  4 1  0 . 64 
Cotter ill 
et al . 0 . 66 0 . 2 1  . 0 . 56 1 . 09 0 . 4 2 0 . 64 
(1977) 
No s ignificant difference s exist among the means . · · 
Glu-
tamic 
acid 
1 . 1 9 
1 . 1 8 
1 . 25 
1 .  26 
1 . 29 
1 .. 26 
1 . 24 
1 .  32 
a 
. Furthe r supp lemented with 0 . 075 % L-tryp tophan and 0 . 25 %  DL-isoleucine . 
Pro -
l ine 
0 . 32 
0 . 35 
0 . 35 
0 . 34 
0 . 34 
o·. 34 
0 . 34 
0 . 45 
Gly-
c ine 
0 . 32 
0 . 32 
0 . 3 3  
0 . 3 3 
0 . 34 
0 . 32  
0 . 3 3 
0 . 3 3 
Vt °' 
TABLE 38 Cont inued 
Amino acid 
Lys ine Ala- Half Methio-
Protein level nine c;y:s tine Valine nine Leucine 
% 
10% 0 . 55 %  0 . 55 0 . 24 0 . 6 3 0 . 3 1 0 . 7 8 
10% 0 . 80% 0 . 55 0 .  24 0 . 6 4 0 . 35 0 . 79 
10% +a 0 . 55 %  o .  5 7  o .  25 0 . 6 3 0 . 32 0 . 8 1 
10% +a 0 . 80% 0 . 5 7 0 . 2 3 0 . 64 0 . 34 0 . 8 1 
12% 0 . 55 %  0 . 5 9 0 . 25 0 . 66 0 . 35 0 . 83 
12%  0 . 80% 0 . 5 7 0 . 23 0 . 6 7 0 . 39 0 . 82 
Mean 0 . 5 7 0 .  24 0 . 64 0 . 35 0 . 8 1 
Cotter ill 
et al . 0 . 5 8 0 . 30 '  0 . 6 7 . 0 . 39 0 . 83 
0977) 
No s ignificant difference s exi s t  among the means . · 
.:. 
Tyro-
sine 
0 . 36 
0 . 36 
0 . 38 
0 . 38 
0 . 39 
0 . 38. 
0 . 38 
0 . 4 1 
a 
Further supp lemented with 0 . 0 75 %  L-tryp tophan and 0 . 25% DL-isoleucine . 
Phenyl-
ala-
nine 
0 . 55 
0 . 5 6  
0 . 5 7 
0 . 5 7  
0 . 59 
-0 . 58 
0 . 5 7 
0 . 55 
Iso-
leu-
cine 
0 . 4 7 
0 . 47 
0 . 50 
0 . 49 
0 . 5 1 
a . so 
0 . 49 
0 . 5 1 
U1 
-....J 
: 
� 
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DI SCUSSION 
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Significant s t rain-by-diet interactions existed in average egg 
weight , kilograms of feed consumed per dozen eggs produced , average 
Haugh unit score , and average shell thickness . From the se and o ther 
nons ignif icant trend s in o ther parameter s , it  was apparent that the 
strains diff ered in their amino acid requirements or  at lea s t  in their 
degree of response to supp lementa�ion of these low pro t ein diet s . The 
first  maj or difference in the strains was in their methionine requi re­
ment . Percent hen-day product ion of the ra�dom-bred b irds rec eiving 
the lower level of methionine (diet 3 )  was numerica lly great er than 
their controls (Table 3 ) . The apparent adequacy of  this methionine 
level was al so reflected in increased f eed consump t ion ,  hen-day egg 
mass product ion , grams of egg produced per gram of feed cons umed , and 
kilograms of feed consumed per dozen eggs produced (Table$ 4 ,  5 ,  7 ,  
and 8 ,  respect ively ) . Plasma free methionine levels in thi s  s t rain 
at this methionine level were also a great deal h igher than tho se of 
the commercial strain (Tab le 14 , diet 3 ) . It appeared that the 
commerc ial s t rain required a higher dietary level of  methionine than 
the random-bred st rain in that their percent hen-day p roduc t ion ,  grams 
of egg produced per gram of f eed constnned , and , s igni ficant ly , kilo­
grams of feed consumed p er dozen eggs produced did not increase unt il 
the higher level o f  methionine (diet 4) was fed . Respons e o f  the two 
s t rains to the inclus ion o f  threonine in the amino acid supplement 
did not appear to differ great ly . Both product ion me asures ,  feed 
consump t ion , feed ut ilizat ion , and efficiency followed s imilar t rends 
for bo th s trains . A difference did exist  in average e gg weight s 
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(Table 6 ) . Within the connnercial s train , additional threonine (diet 6 )  
allowed for the produc tion o f  eggs o f  a we ight not different  from the 
controls . The random-bred hens , however., produced e ggs s igni ficantly . 
lighter than the ir controls when they received diet 6 .  Plasma free 
threonine levels , Table 1 3 ,  reflected a similar respons e to  threonine 
supplementat ion for both s trains and therefore they apparen t ly do no t 
di ffer great ly in their threonine requirement . 
Although a different requirement f or the aforement ioned amino 
acids is the primary reason given for the diff erent r espons es o f  the 
s t ra ins , the true situation may not be obvious or even int e rpretab le .  
The differing requirements need not be only thos e  o f  methionine . I f  
the requirement s f o r  other amino acids . added i n  later supplements  
(diets 5-7 )  differ , then s imilar results  could be obs erved . That is  to  
say that , if  threonine , valine , or arginine or  any comb ination of  
thes e  amino ac ids were limit ing in  the 10% diet for  the  commercial 
strain but not the random-bred strain , then methionine supplementat ion 
would make the die t  relatively more balanced for the random-bred st rain 
than the commerc ial s train . The connnercial strain would require · 
supplementation of this amino ac id or combinat ion o f  amino acids before 
the same balance could b e  realized . Comparison o f  d i et 3 in the random­
bred strain with diets 5 t o  7 in the connnercial s t rain reveals simi lar 
values for percent hen-day production , feed consump t i on ,  hen-day egg 
mass product ion , and grams o f  egg produced per gram o f  feed consumed . 
This point is made as a poss ible alternative int e rp re t a t ion o f  these 
data . It i s  felt by the author , however , that the maj or difference 
between the s t ra ins was in the ir requirement for methionine . 
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Sett ing the methionine requiremen� s as ide , s ome o ther int ere s t ing 
inf luences of die t s  showe d up when they were averaged over both s trains . 
Primarily , i t  was the apparent neces sity for valine in maint enance of 
body we ight or rather p roviding for additional b ody wei ght gain . This 
influence of valine in maintenance of -body we ight supports the f indings 
of Fitz s immons et al . ( 1 9 63 ) . Dif ferences among means for average . Haugh 
unit s core and average she ll thickness follow classic trends in that 
higher p roducing b irds laid lower quality , thinner shelled eggs than 
those p roducing at a lower rate . Values ob served for albumen amino 
acid content followed closely those reported by Co t t erill et al . ( 1 9 7 7 )  
and showed no ef fects o f  diet . 
Experiment 2 
Since there were no differences between the 1 0 %  p rotein diet s , 
apparent ly the additions of tryp tophan and isoleuc ine were no t adequate 
in supplying essent i al amino ac ids . Either an imbalance was created or  
another amino acid  was limit ing or both . I f  it  is assumed that the 
lys ine requirement remained re lat ive ly the same for both the 10 % diets , 
then , as lys ine levels were increased ,  some numerical trends in egg 
p roduction reflected this situat ion (Table 25 ) . In the lowes t leve ls 
of lysine , there was very litt le numerical dif ference betwe en the 1 0 %  
means . At approximately the 0 . 65 %  lys ine level , the s ituat ion changed 
in that lys ine is no longer a limi ting amino acid in the · 1 0 %  diet . 
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The unsupp lemented ( i . e . , without addit iona l tryp tophan or isoleucin e )  
1 0 %  protein diet showed an apparent peak in production at  t h i s  point . 
In the 10% pro tein supp lemented diet , the apparent imbalance caused a 
reduction in egg p roduction . At higher levels o f  lys ine (0 . 7 5 %-0 . 80% ) , 
it appeared that the excess lysine created an imba lance o f  some type 
in the 10%  unsupplemented diet , also . The imbalanc e creat ed when 
lysine became adequate in the 10%  protein diet was not observed in the 
1 2 %  protein diet . As lys ine became adequate in the 1 0 %  p rote in die t , 
another amino ac id or group of amin? acids may have become limi t ing . 
This s i tuat ion was not corrected by addit ions of isoleucine and t rypto­
phan . · rf these amino ac ids had any effects , they were · negative in this 
s i tuat ion . Th is does hot mean that these amino acids were not limi t ing 
in the 10% protein diet , rather it means that other amino acids were 
more or equally limit ing and would require supp lement at ion . Resul t s  
of Experiment 1 indicate that the primary amino a c i d  that may be needed 
in the 10% protein diet would be threonine . The fac t tha t the hen ' s 
plasma free threonine levels were lowered in the 10 % prot ein diet by 
the addition of isoleucine and tryp tophan also indicated that this  
amino acid  was needed also  before the imbalance could be correc t ed 
(Table 35 ) . Valine apparent ly was needed in the 10%  diet as the hens 
fed these diet s  had lower plasma free amino acid levels . The diet 
analysis revealed that the 10% prote in diet contained much less valine 
than the 12% prote in d � et and slight ly less threonine (Tab le 2 ) . The 
10% protein diet would probably require supplementation o f  both o f  
these amino acids to correct an imbalance . The limi t ing order o f  these 
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amino ac ids canno t be established from the se data , only that the hens 
had di ff ering p lasma free amino acid levels and that the diet s dif fered 
in the ir content of val ine and threonine . 
The methionine requirement of the hens was apparen t ly met by all 
diet s , as no differences were observed in their p lasma free methionine 
levels (Table 3 5 ) . Due to a high degree of variability , the p lasma free 
tryptophan levels of  the hens were no t significant ly influenced by the 
proteins . The supplemen t ation of iso l�ucine and t ryp tophan t o  the 1 0 %  
protein diet d i d  cause a numerical increas e in the hens ' p la sma free 
tr;ptophan levels .  Had the 10%  protein diet with supplemental isoleucine 
and t ryptophan 
·
been more balanced , the hens· ' plasma free tryptophan 
levels when they were ·fed the 1 0 %  protein diet sup p lemen t ed with iso­
leucine and tryp tophan may not have been lower than the level obs erved 
when they received the 1 2% pro t ein diet • . The hens ' p lasma f ree lysine 
and arginine levels were both reduced by supplementation of the 10% 
protein diet with isoleucine and tryp tophan . The exact cause of this 
reduct ion is not clear , but this may be due to the reduced consumpt ion 
of the 10% p ro tein diet with supplemental iso leucine and tryp tophan . 
Reduced consump t ion o f  the diet may also explain . the reduc tion in the 
hens ' plasma free leucine levels . Failure of the hens to consume 
adequate amount s  of the 1 0 %  protein diet supplement ed with isoleucine 
and tryptophan may also exp lain the hens ' reduced p lasma free tot al 
essential amino ac id levels when they were fed thi s  diet (Table 3 6 ) . 
Only in the small cages was the plasma free total es s ent ial amino acid 
level lower for hens fed the 10% protein diet without supplemental 
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isoleucine or tryp tophan than tha t of hens fed the 1 2 %  p ro t ein diet . 
The important fac t  i s  that in all cages the supplementat ion o f  the 1 0 %  
protein die t with isoleucine and tryptophan served to crea t e  an 
imbalance such that the hens ' plasma free total essent ial amino acid 
levels when they received this diet were. lower than that of tho se 
receiving ei ther the 1 0 %  protein diet without supplemental isoleucine 
and tryp tophan or the 1 2 %  pro t ein diet . 
The fact that the diet analysis revealed only a 1 %  d i f ference in 
crude protein between the 1 0 %  and 1 2 % protein die t s  (Table 2 )  and such 
great differ�nce s  in responses were obtained with the diet s  �uggests  
that the requiremen t s  for many amino acids are between the levels o f  
these  amino ac ids i n  each diet . The apparent adequacy of the 1 2 %  pro t e in 
diet compared t o  the 10%  protein diet was reflected in the f inal body 
weights of the· hens and in their weight change (Table 2 9 ) . Hens fed 
either of  the 1 0 %  protein diet s lost wei ght , p robably because o f  the 
amino acid imbalance for pro tein synthesis . However , hens fed the 1 2 %  
protein di et were able t o  gain weight , thus ref lecting a balanced 
protein .  
As seen in previous s tudies , consump tion o f  a diet  i s  readily 
influenced by i t s  amino acid balance . There is a cons i s t ent but not 
s igni ficant trend for reduced consumption of the supplemen t ed 1 0 %  
protein diet compared t o  the nonsupplemented 1 0 %  protein d i e t  (Table 27 ) .  
The consump tion o f  the 1 0% protein supplemented diet was lower than that  
of the 12%  prot e in diet  at and above the 0 . 65% level o f  lys ine . Thi s  
i s  the point where the lys ine requirements were met in a l l  die ts . The 
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greate s t  change in the hens ' plasma free lys ine levels oc curred between 
the 0 . 60% and 0 . 65%  dietary ly sine level . Statist ical evidence 
sugge sted that the requirement was between 0 . 60 %  and 0 . 80 %  dietary 
lys ine , in that the hens ' plasma free lys ine levels were s igni f icantly 
higher when they received diets with these lysine levels (Table 3 7 ) . 
It wa s apparen t , though , from the great increase in the p lasma free 
lysine levels of the hens when the dietary lys ine level increased from 
0 . 60% t o  0 . 65 %  that this wa s the point - where the lys ine requirement 
was met . The influence of  dietary lysine levels on p lasma f ree arginine 
levels of the hens a_pproached signif icance and it appears that an excess 
of lysine may have been provided in diets containing h igher lys ine 
levels .  Generally , as· dietary lys ine levels were increased ,  the hens ' 
piasma free arginine levels decreased . This follows the general trend 
described in earlier sections of this report concerning the int er� 
relat ions of lys ine and arginine . 
The ef fect s of protein level on grams of egg produced per gram o f  
feed consumed were s ignificant only in some periods (Table 2 8 ) . The 
trend for improved u tili zat ion of the 1 2% protein diet was presen t  but 
not signif icant in all periods • .  The failure of the se diff erences to 
be s ignificant when utiliza�ion was measured as kilograms of feed 
consumed per doz en eggs  produced (Table 31 ) may reflect the relatively 
more limited accuracy of this stat is tic . The same numerical trends 
were present , however . 
Average egg weight s were not significantly dif f erent for any 
treatment . Any numerical differences were incons i s t ent (Table 30 ) and 
of  no practical  imp ortance . All weights were adequate s uch that the 
eggs produce d would be c lass ified large . No significant difference s 
existed among means for Haugh units (Tab le 32 ) . All means were above 
a score of 72 which is required for gr�de AA .  
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Hen-housed mortal ity means (Tab le 33) showed no cons is tent t rend 
and the numerical differences probably reflect the relative ly low 
·s ens it ivity in measuring mortality with the small ntnnbers o f  hens on 
each die t . That is to s ay in a group -of 36 hens , one .death represented 
2 . 78%  hen-house d  mortality in that period . The mortality for the 
entire flock was 1 0 . 1 4 % ,  which Lan be cons idered b el ow normal . 
Differences in egg albumen cont ent due to dietary factors had 
b een noted in other experiment s (Choudhury , 1 9 7 2 ) , but the charac­
t erization of these influences was uncertain . The means f or egg 
albumen cont.ent of all amino acids (Tab le 38) agreed closely with those 
of  Cot terill e t  al . (1 9 7 7 )  and no dietary or  cage type influences 
exis ted . 
In Experiment 2 ,  s ome information was available on the inf luence 
of cage type or group size on performance o f  the hens . However ,  this 
was not de signed to be an experiment to invest igate the s e  inf luence s 
and any informat ion app l ies  only t o  hens f ed low p ro t e in diet s .  The 
p rimary s ignificant effects of cage type were upon f eed consuillp tion ,  
body weight , and average egg weight . Hens . housed s ix per  cage consumed 
5 g .  more feed p er hen-day , laid eggs that were 1 g .  heavie r ,  and 
weighed 0 . 0 7 kg . heavier at the end of the study than did those  housed 
two per cage (Tab le 39 ) .  No s ignificant effects of  c ag e  type exi s t ed 
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TABLE 39 . Influence of cage type on produc tion p aramet ers 
Parameter 
Hen-day 
Hen-day feed Average Final 
Cage produc- cons ump- egg body 
type tion ti  on weight weight 
(% ) (g . ) *  ( g .  ) *  (kg . ) * 
Small 5 7 . 35 95 . 7  60 . 7  1 . 45 
Large 58 . 74 100 . 7  6 1 . 7 · 1 . 52 
* Difference in means is  s ignificant (P< 0 . 0 1 ) . 
-
among means for any other parameters except tho se already discuss ed 
for feed conversion and p lasma free total e� sential amino acid levels . 
A direct interpretation of  these differences might not be app licable 
to a normal s ituat ion , but some dif ferences nevertheless exi s t . The 
cause of the ob served influences are nqt discernib le f rom the ob serva-
t ions taken in thi s s tudy . All hens had an equal amount o f  f loor and 
feeder space . There was one water cup per three hens in the large 
cages and one wat er cup per four hens in · the small cages . The maj or 
d if ferences noted between the cage types were in  group s ize  and feeder 
height . The small cages held two birds and the large cages held six 
b irds . The feeder trough , although of identical des ign ,  was 3 in . 
higher for the large cages than for the small cages . Overall dep th 
of the cages was the same in each typ e .  The fact that the hens in the 
large cages had greater final body weight s reflect s  the i r  increased 
feed consumpt ion . 
Research on the in fluence of cage des ign on laying hen performance 
has only recently become quit e active .· The inf luences observed in thi s  
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study t end to follow those reported by Hill and Hunt ( 1 9 7 7 ) . The se 
workers found hens in shallow cages to produce heavier e ggs  and consume 
more feed than those in deep cages . Lee and Bolton ( 1 9 76 ) , however ,  
observed hens in shallow cages to consqme les s  feed than those in deep 
cages . The cages used in th is study do · not fall into the categorie s 
of · shallow and deep . Dis cus s ions of cage influences on layer p erformance 
point out feeding p att ern and bird orientation as p o s s ible causes  o f  
the ob served differences (�ughe s and Black , 1 9 7 6 ) . Als o  inc luded as 
poss ib le factors are mortality , cannibalism , and ant a goni s t i c  b ehavior . 
All aspects o f  cage design which may inf luence performance of laying 
hens need further and more precise inve stigat ion . 
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SUMMARY 
Two exper iment s were undertaken to examine the influence o f  
supp lementat ion o f  es sential amino acids t o  low p rotein laye r d ie t s . 
Crit eria· used to  evaluate the performanc.e of the layers were egg 
production , egg mas s , feed consump tion , egg quaiity , mort ality , p lasma­
free amino acids , and albumen amino acid content . In · the first  s tudy , 
-' commercial and random-bred s trains of layers were used . Birds o f  
treatment 1 were f e d  a s t andard 1 6 %  protein layer diet and hens in 
treatment 2 re ce ived a 10% protein diet . The diet used for . t reatment 3 
was the 10% protein diet supp lement ed with .Q . 20 %  L-lys ine , 0 . 25 %  
DL-iso leucine , 0 . 1 5 %  DL- tryp tophan , and 0 . 30 %  DL-methionine . The die t s  
o f  t reatments 4 through 7 were a s  t reatment 3 with cumulat ive s upp le­
ment s  of 0 . 10%  DL-methionine , 0 . 20 %  DL-valine , 0 . 20 %  DL-threonine , 
and 0 . 20 %  L-arginine , re spective ly . 
Performance of the laying hens was highly variab le . · Results 
indicated a differing requirement in the st rains for me thionine . Bo th 
s trains resp onde d to threonine supp lementat ion in terms of increased 
egg mass and valine was needed for maint enance of body we i ght . 
In Experiment 2 ,  another strain of commercial layers was fed 1 0 %  
protein and 1 2% prot ein diets . All diets  were supp lement ed t o  0 . 5 5 % 
total sulfur amino acids with DL-methionine . A third d ie t  was created 
by supp lementat ion of  the 1 0 %  prot ein diet with 0 . 25 % DL- isoleuc ine and 
0 . 0 7 5 % L-tryp tophan . Within each of - these proteins , diets were mixed 
to cont ain s ix levels  of lys ine (0 . 55 % ,  0 . 60 % ,  0 . 65 % ,  0 . 70 % ,  0 . 75 % ,  and 
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